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(54) LOW HALOGEN-LOW RUTILE TYPE HYPERFINE-GRAINED TITANIUM OXIDE AND 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide low rutile type 
hyperfine-grained titanium oxide which has excellent 
dispersibitity and has a low halogen content in a vapor phase 
method, and to provide a production method thereof. ^ 
SOLUTION: In a vapor phase method where a gas containing 
titanium halide and an oxidizing gas are reacted, the raw 
material gases are reacted while controlling heating 
temperature and heating time, and thereafter, dehalogenation 
is performed, so that low rutile type hyperfine-grained 
titanium oxide in which the content of rutile is 55%, and 
having a high BET (Brunauer, Emett and Teller) specific 
surface area and specified characteristics is obtained. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]Are titanium oxide obtained by making gas and a oxidizing gas containing halogenation 
titanium react and rutile content at 5% or less. And when B (m 2 /g) and a total halogen content of 
titanium oxide are set to C (mass ppm) for specific surface area of titanium oxide measured with a 
BET one point method for BET method, Titanium oxide when it is shown by C<=650e uu * D and is 
considered as aqueous suspension of 1 mass %, wherein halogen more than 80 mass % of the amount 
of halogen contained in titanium oxide after neglect for 30 minutes at 20 ** shifts the aqueous 
suspension to the liquid phase. 

[Claim 2]The titanium oxide according to claim 1 in which halogen more than 90 mass % of the 
amount of halogen contained in titanium oxide shifts to the liquid phase. 

[Claim 3]The titanium oxide according to claim 1 or 2 in which titanium oxide contains each element 
of Fe, aluminum, Si, and S below 100 mass ppm r respectively. 

[Claim 4]The titanium oxide according to claim 1 to 3 in which titanium oxide has the specific surface 
area of 10-200-m 2 /g. 

[Claim 5]The titanium oxide according to claim 1 to 4 whose main phase of titanium oxide is anatase. 
[Claim 6]The titanium oxide according to claim 5 whose anatase content of titanium oxide is not less 
than 90%. 

[Claim 7]The titanium oxide according to claim 1 to 4 whose main phase of titanium oxide is brookite. 
[Claim 8]Titanium oxide of claim 7 whose brookite content of titanium oxide is not less than 90%. 
[Claim 9]Titanium oxide given in any 1 paragraph of claims 1 thru/or 8 in which titanium oxide has a 
diameter of 90% accumulation mass particle size distribution of 2.5 micrometers or less measured 
with a laser diffraction type grading analysis meter. 

[Claim 10]Titanium oxide given in any 1 paragraph of claims 1 thru/or 9 said whose halogenation 
titanium is titanium tetrachloride and in which said halogen is chlorine. 

[Claim 1 1]In the gaseous phase method for manufacturing titanium oxide by making gas and a 
oxidizing gas containing halogenation titanium react, A manufacturing method of titanium oxide in 
which temperature in this reactor is characterized by not less than 800 ** being less than 1,100 ** 
when gas and a oxidizing gas containing halogenation titanium are introduced into a reactor, 
respectively and are made to react. 

[Claim 12]A manufacturing method of the titanium oxide according to claim 11 whose with a not less 
than 800 ** [ temperature below 1,100 ** ] holding time gas and a oxidizing gas containing 
halogenation titanium is 0.1 or less second within a reactor. 

[Claim 13] A manufacturing method of the titanium oxide according to claim 11 or 12 in which gas and 
a oxidizing gas containing halogenation titanium are preheated by not less than 600 ** and less than 
1,100 **, and are introduced into a reactor, respectively. 

[Claim 14]A manufacturing method of titanium oxide given in any 1 paragraph of material gas which a 
reaction mixed at a rate of 0.1-20 mol of inactive gas to 1 mol of halogenation titanium, and claims 1 1 
thru/or 13 performed with a 1-30-mol oxidizing gas to 1 mol of halogenation titanium. 
[Claim 15]A manufacturing method of titanium oxide given in any 1 paragraph of claims 11 thru/or 14, 
wherein a oxidizing gas is oxygen gas containing a steam. 

[Claim 16]A manufacturing method of the titanium oxide according to claim 15 in which a oxidizing 
gas contains 0.1 mol or more of steams to 1 mol of oxygen gas. 

[Claim 17]A manufacturing method of titanium oxide given in any 1 paragraph of claims 11 thru/or 16 



in which said halogenation titanium is titanium tetrachloride. 

[Claim 18]A manufacturing method of titanium oxide removing halogen for titanium oxide 
manufactured with a manufacturing method given in any 1 paragraph of claims 11 thru/or 17 by dry 
type. 

[Claim 19]A manufacturing method of the titanium oxide according to claim 18 which is the method of 
performing when a method of removing halogen by dry type heats titanium oxide at 200-500 **. 
[Claim 20]A manufacturing method of the titanium oxide according to claim 18 whose method of 
removing halogen by dry type is the method of performing while heating gas containing a steam at 
200^1000 ** and making titanium oxide contact. 

[Claim 21]A manufacturing method of the titanium oxide according to claim 20 which is the air in 
which gas containing a steam contains a steam in more than 0.1 capacity %. 

[Claim 22]A manufacturing method of the titanium oxide according to claim 20 whose steam is 0.01 or 
more in a mass ratio to titanium oxide. 

[Claim 23]A manufacturing method of titanium oxide obtaining a slurry which removes halogen for 
titanium oxide manufactured with a manufacturing method given in any 1 paragraph of claims 11 
thru/or 1 7 by a wet type, and contains titanium oxide. 

[Claim 24]A manufacturing method of the titanium oxide according to claim 23 which is the method of 
separating halogen in which a method of removing halogen by a wet type made titanium oxide 
suspended in water, and shifted to the liquid phase out of a system. 

[Claim 25]A manufacturing method of the titanium oxide according to claim 23 or 24 whose method of 
removing halogen by a wet type is a method of separating halogen by ultrafiltration membrane. 
[Claim 26]A manufacturing method of the titanium oxide according to claim 23 or 24 whose method of 
removing halogen by a wet type is a method of separating halogen by a reverse osmotic membrane. 
[Claim 27]A manufacturing method of the titanium oxide according to claim 23 or 24 whose method of 
removing halogen by a wet type is a way the filter press separates halogen. 

[Claim 28]A granular material by which titanium oxide manufactured with a manufacturing method of a 
statement being included in any 1 paragraph of claims 1 1 thru/or 27. 

[Claim 29]A slurry by which titanium oxide manufactured with a manufacturing method of a statement 
being included in any 1 paragraph of claims 1 1 thru/or 27. 

[Claim 30]A constituent by which titanium oxide manufactured with a manufacturing method of a 
statement being included in any 1 paragraph of claims 11 thru/or 27. 

[Claim 31 ]A photocatalyst material by which titanium oxide manufactured with a manufacturing 

method of a statement being included in any 1 paragraph of claims 11 thru/or 27. 

[Claim 32]A charge of wet solar cell material by which titanium oxide manufactured with a 

manufacturing method of a statement being included in any 1 paragraph of claims 1 1 thru/or 27. 

[Claim 33]A dielectric raw material by which titanium oxide manufactured with a manufacturing 

method of a statement being included in any 1 paragraph of claims 11 thru/or 27. 

[Claim 34]A silicone rubber additive agent by which titanium oxide manufactured with a manufacturing 

method of a statement being included in any 1 paragraph of claims 1 1 thru/or 27. 

[Claim 35]Specific surface area which rutile content measured with a BET one point method for BET 

method 5% or less 10-200m 2 /g, A diameter of 90% accumulation mass particle size distribution 

measured with a laser diffraction type grading analysis meter is a titanium oxide particle of 2,5 

micrometers or less, And when a halogen content inside B (m 2 /g) and a titanium oxide particle is 

made into C. (mass ppm) for specific surface area of titanium oxide measured with a BET one point 

method for BET method, A titanium oxide particle, wherein the amount of halogen contained in an 
inside of particles is shown by 0 <=C i <=650ke 0O2B (k is 0.20). 

[Claim 36]The titanium oxide particle according to claim 35 which contains in an inside of particles 
halogen of quantity shown by 10<C j <=650ke 0 02B (k is 0.15). 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Thrs invention relates to suitable low-salt matter ultrafine particle titanium 
oxide of a low rutile type for a photocatalyst a solar cell, the additive agent to silicone rubber, a 
dielectric use, etc., and a manufacturing method for the same. In the gaseous phase method titanium 
oxide obtained by carrying out high temperature oxidation of the gas containing halogen titanium with 
a oxidizing gas in more detail, it is related with good low halogen ultrafine particle titanium oxide of a 
low rutile type and a manufacturing method for the same of dispersibility easily [ a halogen content is 
low and / removal of the halogen which remained ]. 
[0002] 

[Description of the Prior Art]Ultrafine particle titanium oxide has been used [ many uses, such as an 
ultraviolet-rays shielding material, an additive agent of silicone GOMUHE, a dielectric raw material, 
and cosmetics, ] (titanium oxide is indicated to be a titanium dioxide to Japanese Industrial Standard 
(JISX). 

Since titanium oxide is widely used as a general name, in this specification, it is called titanium oxide 
for short. 

Titanium oxide is applied also as a photocatalyst, a solar cell, etc. 

[0003]Although a rutile type, an anatase type, and three brookite type kinds exist in the crystal form 
of titanium oxide, in the above-mentioned photocatalyst and the field of a solar cell use, the anatase 
type and brookite type which excel a rutile type in photoelectricity chemicals activity are used. 
[0004]The photocatalyst effect of titanium oxide is used for disassembly of organic matters, such as 
an antibacterial tile, self-cleaning building materials, and a deodorizing fiber, and the mechanism is 
explained as follows. Titanium oxide absorbs ultraviolet rays and makes the inside generate an 
electron and an electron hole. An electron hole reacts to the water of adsorption of titanium oxide, 
makes a hydroxy radical generate, and disassembles into carbon dioxide or water the organic matter 
which stuck to the titanium oxide particle surface ("optical clean revolution" Akira Fujishima, 
Kazuhito Hashimoto, Toshiya Watabe collaboration, CMC Co., Ltd., 143- 145 pages (1997)). That is, it 
being easy to generate an electron hole and arriving [ an electron hole / easily ]-at the titanium oxide 
surface ** are mentioned as conditions for strong titanium oxide of a photocatalyst effect. Anatase 
type titanium oxide, titanium oxide with few lattice defects, and titanium oxide with large specific 
surface area with small particles are mentioned to "everything about titanium oxide 
photocatalysts" (Kazuhito Hashimoto and Fujishima Showa edit, CMC Co., Ltd., 29 - 30 pages (1998)) 
as titanium oxide with a high photocatalyst effect. 

[0005]Since the application as a solar cell reported the dye sensitizing type solar cell with which 
GURETTSUERU and others of Lausanne College of Engineering combined titanium oxide and 
ruthenium series coloring matter in 1991, research has been advanced (M. (Graezel, Nature, 353 and 
737, 1991)). In said dye sensitizing type solar cell, titanium oxide has a role of the support and the n- 
type semiconductor of coloring matter, and is used as a coloring matter electrode bound to the 
electrically-conductive-glass electrode. A dye sensitizing type solar cell is the structure which put 
the electrolyzer by the coloring matter electrode and the counter electrode, and coloring matter 
generates an electron and an electron hole by absorbing light. The electron by which it was generated 
reaches an electrically-conductive-glass electrode through a titanium oxide layer, and is taken out 
outside. On the other hand, the generated electron hole is carried to a counter electrode through an 
electrolyzer, and is combined with the electron supplied through the electrically-conductive-glass 



electrode. As a cause which improves the characteristic of a dye sensitizing type solar cell, it is 
mentioned that combination of titanium oxide and coloring matter is easy. As a crystal form of 
titanium oxide with an easy combination with coloring matter, anatase is used for JP t 10-255863,A 
and it is indicated to JP,2000-340269,A, for example that brookite is suitable for a dye sensitizing 
type solar cell. 

[0006]Titanium oxide is important when the good thing of dispersibility pulls out the function. For 
example, since obliterating power will become strong if dispersibility is bad when using titanium oxide 
as a photocatalyst, the use which can be used will be limited. Since titanium oxide with bad 
dispersibility in the field of a solar cell cannot penetrate light easily, the titanium oxide which can be 
contributed to optical absorption is restricted, and it worsens photoelectric conversion efficiency. 
Generally, if light scattering (obliterating power) becomes the maximum when particle diameter is 
about [ of a visible light wavelength ] 1/2, and particle diameter becomes small, it is said that light 
scattering also becomes weaker ("titanium oxide" Seino ****, Gihodo Shuppan Co., Ltd., Inc., p. 129, 
(1991)). the primary particle diameter of the titanium oxide used in the above-mentioned field — 
number - since it is tens of nm in many cases, if dispersibility is good, the influence on light 
scattering is small. However, as for titanium oxide with large condensation particle diameter with bad 
distribution, light scattering will become strong, 

[0007]From the above reason, in the above-mentioned field, high dispersibility is required of titanium 
oxide and the good anatase type of dispersibility or brookite type ultrafine particle titanium oxide is 
used for it Generally, the primary particle diameter of an ultrafine particle is usually called to particle 
of about 0.1 micrometer or less, although it does not clarify. 

[0008]If the ingredient which has corrosiveness like chlorine exists, in order to make a substrate 
corrode or to make it deteriorate when using titanium oxide with a photocatalyst and a solar cell, it is 
necessary to stop the chlorine content of titanium oxide low. It is better to stop Fe, aluminum, Si, S, 
etc. low. For example, if there is too much Fe in titanium oxide, it will become a cause of coloring, and 
it is not suitable for use for the use of which transparency is required. If there are too many 
ingredients, such as aluminum inside a titanium oxide particle and S, a lattice defect will be produced, 
and reducing the function as a photocatalyst and a solar cell is also considered. 
[0009]The manufacturing method of titanium oxide has a liquid phase process which divides roughly 
and hydrolyzes titanium tetrachloride and titanyl sulfate, and the gaseous phase method make 
halogenation titanium react to oxidizing gases, such as oxygen or a steam. Although titanium oxide by 
a liquid phase process can obtain anatase as a main phase, it cannot but be in sol or a slurry regime. 
A use is limited when using it in this state. In order to use it as powder, it is necessary to make it dry, 
and desiccation takes the ultrafine particle which got wet in the solvent for progressing, and 
condensation becomes intense ("ultrafine particle handbook" Saito [ Susumu ] 6 editorial supervision, 
a FUJI techno system, 388 pages (1990)). In presenting a photocatalyst etc. with this titanium oxide, 
in order to improve dispersibility, it is necessary to crack titanium oxide strongly or to grind, and 
problems originating in processing of grinding etc., such as mixing of a wear thing and unevenness of 
particle size distribution, may be caused. 

[0010]Generally, since a solvent is not used for titanium oxide by a gaseous phase method, it is 
excellent in dispersibility compared with the liquid phase process. 

[001 1]There are many examples which obtain the ultrafine particle of titanium oxide by a gaseous 
phase method, for example, in JP,6-340423,A. In the method of hydrolyzing titanium tetrachloride in a 
flame and manufacturing titanium oxide, adjust the mole ratio of oxygen, titanium tetrachloride, and 
hydrogen, it is made to react, and the method of obtaining titanium oxide with high rutile content is 
indicated. By making titanium tetrachloride hydrolyze into JP,7-316536,A in the elevated- 
temperature gaseous phase, and cooling a resultant quickly, In the method of manufacturing 
crystalline-titanium-oxide powder, the way the first [ an average of ] particle diameter obtains 
crystalline substance transparent titanium oxide (not less than 40 nm and 150 nm or less) is indicated 
by specifying flame temperature and the titanium concentration in material gas. However, in any case, 
it is particles, but only titanium oxide with high rutile content is obtained, and it is not suitable for 
using it as a photocatalyst use and a solar cell use. 

[0012]The manufacturing method which adjusts the content ratio of rutile because the way anatase 
manufactures titanium oxide of a main phase by a gaseous phase method changes the ratio of 
hydrogen in the gaseous mixture of oxygen and hydrogen into JP.3-25231 5,A in gaseous phase 
reaction, for example is indicated. 



Titanium oxide whose rutile content is 9% is indicated. 

However, the particle diameter of the illustrated titanium oxide is 0.5-0.6 micrometer, and is coarser 
than the range of the particle diameter generally called uttrafine particle. 

[001 3]If titanium oxide is manufactured by the gaseous phase method which uses halogenation 
titanium as a raw material, it will be easy to obtain an ultrafine particle, but since halogen of raw 
material origin remains in titanium oxide, the dehalogenation by heating or rinsing is needed in many 
cases. However, sintering of particles advances with heating for low halogenation, and specific 
surface area falls easily, and also transition of the crystal form to a rutile type [ type / anatase ] may 
produce ultrafine particle titanium oxide. In order to control the fall of specific surface area, and 
crystal transition, heating of low temperature or a short time must be performed, but it stops fully 
being able to carry out dehalogenation. The low chlorinating method of ultrafine particle titanium 
oxide is indicated by JP, 10-251 021 A for example. This method is the method of making a steam 
contact rolling titanium oxide all over a cylindrical shape revolving heating furnace, and making a 
chlorine content low. The rutile content of the titanium oxide indicated to this was as high as 15%. 
[0014]On the other hand, although the halogen which remained in the titanium oxide particle surface 
could be removed in the dehalogenation by rinsing etc., since halogen inside particles was not able to 
contact water easily, it had the problem that internal halogen remained easily. 
[0015]These ultrafine particle titanium oxide of the low rutile type whose halogen content is [ like ] 
low in the conventional gaseous phase method was not obtained. 

[Patent documents 1] JP,10-255863,A[Patent documents 2] JP,2000-340269,A[Patent documents 3] 
JP,6-340423,A[Patent documents 4] JP,7-316536,A[Patent documents 5] JP,10-251021,A 
[Nonpatent literature 1] "Optical clean revolution" Akira Fujishima, Kazuhito Hashimoto, Toshiya 
Watabe collaboration, CMC Co., Ltd. 143 - 145 pages (1997) 

[Nonpatent literature 2] "Everything about titanium oxide photocatalysts" (Kazuhito Hashimoto and 
Fujishima Showa edit, CMC Co., Ltd., 29 - 30 pages (1998)) 
[Nonpatent literature 3] M.Graezel,Nature,353,737,(1 991) 

[Nonpatent literature 4] "Titanium oxide" Seino ****, Gihodo Shuppan Co., Ltd., Inc., p.129 (1991), 
[Nonpatent literature 5] ("Ultrafine particle handbook" Saito [ Susumu ] 6 editorial supervision, a 
FUJI techno system, 388 pages (1 990)) 
[0016] 

[Problem(s) to be Solved by the Invention]This invention is made that the above-mentioned problem 
should be solved, and there is a technical problem of this invention in excelling in dispersibility and 
providing ultrafine particle titanium oxide of a low rutile type with a low halogen content, and a 
manufacturing method for the same in a gaseous phase method. 
[0017] 

[Means for Solving the ProblemjAs a result of inquiring wholeheartedly in view of an aforementioned 
problem, this invention persons find out that it excels in dispersibility and ultrafine particle titanium 
oxide of a low rutile type with a low halogen content can be manufactured in a gaseous phase 
method, and came to solve an aforementioned problem. 

[0018]In a gaseous phase method to which gas and a oxidizing gas (mixed gas containing oxygen, a 
steam, or these) with which this invention contains halogenation titanium are made to react, . After 
making this material gas react, controlling cooking temperature and cooking time, are obtained by 
carrying out dehalogenation. Ultrafine particle titanium oxide of a low rutile type which rutile content 
is 5% or less of titanium oxide, and has a high BET specific surface area and the specific 
characteristic, and a manufacturing method for the same are provided. 
[0019]That is, this invention includes the following inventions. 

(1) Are titanium oxide obtained by making gas and a oxidizing gas containing halogenation titanium 
react, and rutile content at 5% or less. And when B (m 2 /g) and a total halogen content of titanium 
oxide are set to C (mass ppm) for specific surface area of titanium oxide measured with a BET one 
point method for BET method, Titanium oxide when it is shown by C<=650e 0 02B and is considered as 
aqueous suspension of 1 mass %, wherein halogen more than 80 mass % of the amount of halogen 
contained in titanium oxide after neglect for 30 minutes at 20 ** shifts the aqueous suspension to 
the liquid phase. 

(2) Titanium oxide given in the above (1) in which halogen more than 90 mass % of the amount of 
halogen contained in titanium oxide shifts to the liquid phase. 

(3) Titanium oxide the above (1) in which titanium oxide contains each element of Fe, aluminum. Si, 



and S below 100 mass ppm, respectively, or given in (2). 

(4) Titanium oxide given in above-mentioned (1) - (3) in which titanium oxide has the specific surface 
area of 10-200-m 2 /g. 

(5) Titanium oxide given in any 1 paragraph of above-mentioned (1) - (4) whose main phase of 
titanium oxide is anatase. 

(6) Titanium oxide given in the above (5) whose anatase content of titanium oxide is not less than 
90%. 

(7) Titanium oxide given in any 1 paragraph of above-mentioned (1) - (4) whose main phase of 
titanium oxide is brookite. 

(8) Titanium oxide of the above (7) whose brookite content of titanium oxide is not less than 90%. 

(9) Titanium oxide given in any 1 paragraph of above-mentioned (1) - (8) in which titanium oxide has 
a diameter of 90% accumulation mass particle size distribution of 2.5 micrometers or less measured 
with a laser diffraction type grading analysis meter. 

(10) Titanium oxide given in any 1 paragraph of above-mentioned (1) - (9) said whose halogenation 
titanium is titanium tetrachloride and in which said halogen is chlorine, 

(1 1) In the gaseous phase method for manufacturing titanium oxide by making gas and a oxidizing gas 
containing halogenation titanium react, A manufacturing method of titanium oxide in which 
temperature in this reactor is characterized by not less than 800 ** being less than 1,100 ** when 
gas and a oxidizing gas containing halogenation titanium are introduced into a reactor, respectively 
and are made to react. 

(12) A manufacturing method of titanium oxide given in the above (11) whose with a not less than 800 
** [ temperature below 1,100 ** ] holding time gas and a oxidizing gas containing halogenation 
titanium is 0.1 or less second within a reactor. 

(13) A manufacturing method of titanium oxide the above (11) which gas and a oxidizing gas 
containing halogenation titanium are preheated by not less than 600 ** and less than 1 ,1 00 **, 
respectively, and is introduced into a reactor, or given in (12). 

(14) a reaction — halogenation — titanium — one — mol — receiving — inactive gas — 0.1 - 20 — 
mol — a rate — having mixed — material gas — halogenation — titanium — one — mol — receiving 
— one - 30 — mol — a oxidizing gas — carrying out — having — the above — ( — 1 1 — ) - ( — 13 
— ) — some — one — a paragraph — a statement — titanium oxide — a manufacturing method . 

(15) A manufacturing method of titanium oxide given in any 1 paragraph of above-mentioned (11) - 
(14), wherein a oxidizing gas is oxygen gas containing a steam. 

(16) A manufacturing method of titanium oxide given in the above (15) in which a oxidizing gas 
contains 0.1 mol or more of steams to 1 mol of oxygen gas. 

(17) A manufacturing method of titanium oxide given in any 1 paragraph of above-mentioned (11) - 
(16) in which said halogenation titanium is titanium tetrachloride, 

(18) The above (1 1) Manufacturing method of titanium oxide removing halogen for titanium oxide 
manufactured with a manufacturing method given in any 1 paragraph of - (17) by dry type. 

(19) A manufacturing method of titanium oxide given in the above (18) whose method of removing 
halogen by dry type is the method of performing by heating titanium oxide at 200-500 **. 

(20) A manufacturing method of titanium oxide given in the above (18) whose method of removing 
halogen by dry type is the method of performing while heating gas containing a steam at 200-1000 ** 
and making titanium oxide contact. 

(21) A manufacturing method of titanium oxide given in the above (20) which is the air in which gas 
containing a steam contains a steam in more than 0.1 capacity %. 

(22) A manufacturing method of titanium oxide given in the above (20) whose steam is 0.01 or more in 
a mass ratio to titanium oxide. 

(23) The above (11) Manufacturing method of titanium oxide obtaining a slurry which removes halogen 
for titanium oxide manufactured with a manufacturing method given in any 1 paragraph of - (17) by a 
wet type, and contains titanium oxide. 

(24) A manufacturing method of titanium oxide given in the above (23) which is the method of 
separating halogen in which a method of removing halogen by a wet type made titanium oxide 
suspended in water, and shifted to the liquid phase out of a system. 

(25) A manufacturing method of titanium oxide the above (23) whose method of removing halogen by 
a wet type is a method of separating halogen by ultrafiltration membrane, or given in (24). 

(26) A manufacturing method of titanium oxide the above (23) whose method of removing halogen by 



a wet type is a method of separating halogen by a reverse osmotic membrane, or given in (24). 

(27) A manufacturing method of titanium oxide the above (23) whose method of removing halogen by 
a wet type is a way the filter press separates halogen, or given in (24). 

(28) The above (11) Granular material by which titanium oxide manufactured with a manufacturing 
method of a statement being included in any 1 paragraph of - (27). 

(29) The above (11) Slurry by which titanium oxide manufactured with a manufacturing method of a 
statement being included in any 1 paragraph of - (27), 

(30) The above (11) Constituent by which titanium oxide manufactured with a manufacturing method 
of a statement being included in any 1 paragraph of - (27). 

(31) The above (11) Photocatalyst material by which titanium oxide manufactured with a 
manufacturing method of a statement being included in any 1 paragraph of - (27). 

(32) The above (11) Charge of wet solar cell material by which titanium oxide manufactured with a 
manufacturing method of a statement being included in any 1 paragraph of - (27). 

(33) The above (11) Dielectric raw material by which titanium oxide manufactured with a 
manufacturing method of a statement being included in any 1 paragraph of - (27). 

(34) The above (11) Silicone rubber additive agent by which titanium oxide manufactured with a 
manufacturing method of a statement being included in any 1 paragraph of - (27). 

Specific surface area which rutile content measured with a BET one point method for BET method 5% 
or less (35) 10-200m 2 /g, A diameter of 90% accumulation mass particle size distribution measured 
with a laser diffraction type grading analysis meter is a titanium oxide particle of 2.5 micrometers or 
less, And when a halogen content inside B (m 2 /g) and a titanium oxide particle is made into Cj (mass 

ppm) for specific surface area of titanium oxide measured with a BET one point method for BET 
method, A titanium oxide particle, wherein the amount of halogen contained in an inside of particles is 

shown by 0 <=C j <=650ke 002B (k is 0.20). 

(36) A titanium oxide particle given in the above (35) which contains in an inside of particles halogen 

of quantity shown by 10<C j <=650ke 002B (k is 0.15). 

[0020] 

[Embodiment of the InventionjAs hatogenation titanium which is a raw material of titanium oxide of 
this invention, the titanium chloride which is easy to come to hand industrially, especially titanium 
tetrachloride are preferred. Therefore, although the case where halogen is chlorine about this 
invention is hereafter explained as an example of representation, this invention can be applied also 
when halogen is bromine or iodine. In spite of manufacturing low rutile type ultrafine particle titanium 
oxide of this invention using titanium tetrachloride by a gaseous phase method, chlorine hardly exists 
in the inside of particles. Although the chlorine which remains inside particles is temporally diffused 
from the inside of a particle to the surface, it may corrode and a substrate may be deteriorated, in 
easy dechlorination of rinsing, desiccation, etc., it is hard to remove. Therefore, it is desirable for 
chlorine not to exist in the inside of a titanium oxide particle. About the chlorine content inside the 
particles occupied to the inside of the sum total chlorinity inside a particle surface and particles, the 
ratio of the chlorine (water extraction chlorine is called) extracted from titanium oxide with pure 
water and all the chlorine (all the chlorine is called) contained in a titanium oxide particle is made into 
an index, and it is a lower type (1). 
R=WCL/TCLx100 (1) 

(R expresses the rate of surface chlorine (%) among a formula, WCL expresses the content (mass %) 
of the water extraction chlorine contained in titanium oxide, and TCL expresses the content (mass %) 
of all the chlorine contained in titanium oxide.) — it is shown that there is so little chlorine content 
inside a titanium oxide particle that the value of R expressed is high. About titanium oxide in this 
invention, it is desirable still more preferred that R is not less than 80%, and it is not less than 90%. 
[0021]The ultrafine particle titanium oxide obtained by the gaseous phase method which uses 
titanium tetrachloride of this invention as a raw material is rutile content.[The peak height 
corresponding to a rutile type crystal [ in / in rutile content / an X diffraction ] (it carries out 
abbreviated to Hr.X The ratio computed from the peak height (it carries out abbreviated to Hb.) 
corresponding to a brookite type crystal, and the peak height (it carries out abbreviated to Ha.) 
corresponding to an anatase type crystal (=100xHr/(Hr+Ha+Hb) is said.) ] is 5% or less of ultrafine 
particle titanium oxide (it may be hereafter called for short ultrafine particle titanium oxide of a low 



rutile type.), and it is following general formula (2):C<=650xe also before a dechlorination step not 

only depending on after a dechlorination step but depending on the case (2) 

It comes out and has a total chlorine content expressed. C shows a total chlorine content (mass %) 
among a formula. C measures the liquid which added fluoric acid solution to titanium oxide, and 
carried out heating and dissolving to it with microwave, for example with the potentiometric titration 
by silver nitrate, obtains the mass of chlorine in titanium oxide, and is obtained by **(ing) with the 
mass of titanium oxide using this. B expresses a BET specific surface area (m 2 /g), and the range is 
10-200m 2 /g. It has the characteristic of being expressed. 

[0022]That is, ultrafine particle titanium oxide of a low rutile type of this invention is titanium oxide 
with few total chlorine contents with which it is satisfied of the conditions of the above-mentioned 
general formula (2) in dravying 1 1 and R of the above-mentioned formula (1) is a titanium oxide particle 
with small chlorine content inside large particles, Ultrafine particle titanium oxide by the gaseous 
phase method which uses conventional titanium tetrachloride as a raw material, Even if it is a low 
rutile type titanium dioxide, it is what has the characteristic of the field plotted by the upper part of 
the curve expressed with C=650xe 002B shown in drawing 1 in the relation between a BET specific 
surface area and a total chlorine content It was a titanium oxide particle whose chlorine content 
inside the above-mentioned particles is also large further again. In particular, the dechlorination of 
the titanium oxide with larger specific surface area is hard to be carried out, and it has a tendency 
which a chlorine content increases exponentially. 

[0023]As for the low rutile type titanium dioxide of this invention, the relation between a chlorine 
content and a BET specific surface area satisfies the characteristic of a general formula (2), it is an 
ultrafine particle — usually — the range of a BET specific surface area — 10-200m 2 /g — they are 
40-200m 2 /g and a thing which has the range of 45-120-m 2 /g still more preferably preferably. 
[0024] ultrafine particle titanium oxide of a low rutile type of this invention — the content of Fe, 
aluminum, Si, and S — below 100 mass each ppm — desirable — each 0.1 to 100 mass ppm — more 
— desirable — each 0.1 to 50 mass ppm — it is each 0.1 to 10 mass ppm still more preferably. In 
order for such impurity concentration to be less than 0.1 ppm, raw material which manufactures 
titanium oxide is made into a high grade, and it is necessary in equipment construction material to 
use a corrosion-resistant high thing more etc. It is economically more advantageous for titanium 
oxide of this invention not to carry out each impurity less than 0.1 mass ppm in the use usually used. 
[0025]The low rutile type titanium dioxide of this invention is characterized by dispersibility being 
high. In this invention, the laser diffraction type particle-size-distribution measuring method was 
adopted as an index of dispersibility, and particle size distribution was measured. According to 
"ultrafine particle handbook" Saito [ Susumu ] 6 editorial supervision, a FUJI techno system, p93, 
and (1990), there are a sedimentation method, a microscopic method, light scattering measurement, a 
direct count method, etc, in the measuring method of dispersibility, but. Among these, a 
sedimentation method and a direct count method are not less than hundreds of nm, and their 
measurable particle diameter is unsuitable for measuring the dispersibility of an ultrafine particle. 
Since measured value is changed by the sampling of an object sample, or pretreatment of a sample, a 
microscopic method cannot be said as a desirable measuring method, either. On the other hand, light 
scattering measurement can measure particle diameter in several nanometers - several micrometers, 
and are suitable for measurement of the ultrafine particle. The measurement procedure of particle 
size distribution is explained below. 

[0026] Ultrasonic irradiation (46 kHz, 65W) is carried out to the slurry which added 50 ml of pure 
water, and 10% sodium hexametaphosphate solution 100mul to the titanium oxide 0.05g for 3 minutes. 
Particle size distribution is measured applying this slurry to a laser diffraction type size distribution 
measuring device (Shimadzu Corp. make SALD-2000J), Thus, if the value of the diameter of 90% 
accumulation mass particle size distribution in the measured particle size distribution (it may be 
hereafter written as D90) is small, it will be judged that good dispersibility is shown to a hydrophilic 
solvent Although it is also possible to make the diameter of accumulation mass particle size 
distribution into the index of dispersibility 50%, it is hard to detect the bad floe of dispersibility, and is 
not desirable. As for ultrafine particle titanium oxide of this invention, it is preferred that D90 is 2.5 
micrometers or less. 

[0027]Finely divided titanium oxide of this invention is contained as a particle component using the 
raw material, paints, or photocatalyst effect of various constituents, for example, can be used as the 



raw material of various products, such as cosmetics, an ultraviolet-rays shielding material, a dielectric 
or silicone rubber, and a solar cell, and an additive agent 

[0028]Next T a manufacturing method is explained. The manufacturing method of common titanium 
oxide by a gaseous phase method is publicly known, and if titanium tetrachloride is oxidized under 
about 1,000 ** reaction condition using oxidizing gases, such as oxygen or a steam, particulate 
titanium oxide will be obtained. 

[0029]In order to obtain titanium oxide of an ultrafine particle in a gaseous phase method, growth 
time (growth zone) of particles must be shortened. That is, the grain growth by sintering etc. can be 
stopped by performing cooling, dilution, etc. promptly after a reaction and shortening elevated- 
temperature holding time as much as possible. It leads also to shortening of elevated-temperature 
holding time controlling the heat rearrangement to rutile from anatase, and particles with high anatase 
content can be obtained. 

[0030]In the titanium oxide generally obtained by the gaseous phase method which uses titanium 
tetrachloride as a raw material, chlorine of 0.1 - 2 mass % usually remains. The chlorine content to 
which the point which can combine chlorine etc. remains in a titanium oxide particle surface when 
those (the above-mentioned Seino **** "titanium oxide") with 13-piece [/nm ] 2 and all these joints 
are chlorinating is theoretically expressed in the anatase-type-titanium~oxide surface by the lower 
type (3). 

Y=0.077xA .... (3) 

(Y shows among a formula the chlorine content (mass %) which remains in a titanium oxide particle 
surface, and A shows specific surface area (m 2 /g).) 

For example, according to said formula (3), the chlorine content which remains in the titanium oxide 
particle surface which has the specific surface area of 100-m 2 /g becomes about 8 mass %. 
[0031]In practice, that chlorine and a oxidizing gas replace at a reaction, and when chlorine carries 
out balanced movement according to the levehof-chlorine difference of a titanium oxide particle 
surface and the gaseous phase, the chlorine content of titanium oxide may become low a little rather 
than the value obtained by said formula (3), but It is considered that shortening of the elevated- 
temperature holding time in a reaction does not complete oxidation reaction of titanium tetrachloride, 
and makes the titanium oxide in which a part is chlorinated increased. Since residual chlorine also 
becomes increasing the chlorinity inside the grain child left behind inside a titanium oxide particle, the 
heat-treatment which chlorine removal takes will turn an elevated temperature and for a longtime, 
and will produce the fall of specific surface area. Therefore, although a chlorine content is high [ the 
ultrafine particle conventionally obtained by a gaseous phase method / of what has high anatase 
content ], or low, it is said that anatase content is low. 

[0032]In the gaseous phase method for manufacturing titanium oxide by reacting the gas and the 
oxidizing gas containing titanium tetrachloride in this invention (high temperature oxidation), The 
oxidizing gas heated at the gas containing the titanium tetrachloride heated at not less than 600 ** 
less than 1,100 ** and not less than 600 ** less than 1,100 ** is supplied to a coil, respectively, By 
making the titanium oxide produced by making react stagnate in the time for 0.1 or less second, and a 
coil on the not less than 800 ** high temperature conditions betow 1,100 **, In the relation between 
a BET specific surface area and a chlorine content, low rutile type ultrafine particle titanium oxide 
with low total chlorine content, especially chlorine content inside particles is obtained, It found out 
that low rutile type ultrafine particle titanium oxide also with a low chlorine content inside particles 
whose total chlorine content is still lower was obtained by decholorinating this. Here, there are a dry 
method and wet process in a dechlorination. A dry type dechlorination method heats titanium oxide 
using heating apparatus, such as a cylindrical shape revolving heating furnace, a hot wind circle 
method heating furnace, a fluidized-drying furnace, and a churning drying furnace, and has a method 
of removing chlorine, for example. This invention is not necessarily limited to these heating apparatus. 
A wet dechlorination method makes titanium oxide suspended to pure water, and has a method of 
separating the chlorine which shifted to the liquid phase out of a system, for example. After 
separating chlorine out of a system, the obtained titanium oxide may be dried. 

[0033]Not less than 800 ** less than 1,100 ** is desirable still more preferred, and the temperature 
in the coil which introduces titanium tetrachloride content gas or a oxidizing gas is not less than 900 
** less than 1,000 **. By making the degree of coil internal temperature high, simultaneously with 
mixing, since it completes, uniform karyogenesis is increased, and the reaction can make a reaction 



(CVD) zone small. If the degree of coil internal temperature is tower than 800 **, although titanium 
oxide with high anatase content will be easy to be obtained, a reaction is insufficient and chlorine 
remains inside a titanium oxide particle. If the degree of coil internal temperature will be not less than 
1,100 **, rutile transition and particle growth will advance and a low rutile type and an ultrafine 
particle will not be obtained. 

[0034]Since this reaction is an exoergic reaction on the other hand when material gas is introduced 
into a coil and a reaction advances, the reaction zones where reaction temperature exceeds 1,100 ** 
exist. Although there is some device heat dissipation, unless it quenches, a titanium oxide particle will 
grow rapidly and a crystal form will transfer it to rutiie. Then, in this invention, not less than 800 ** 
elevated-temperature holding time below 1,100 ** is especially made into the range for 0.01 to 0,05 
second preferably for 0.005 to 0.1 second 0.1 or less second. If elevated-temperature holding time 
exceeds 0.1 second, since transition to rutile and sintering of particles will advance, it is not 
desirable. Since elevated-temperature holding time becomes short [ the oxidation reaction time of 
titanium tetrachloride ] in less than 0.005 second, it is necessary to carry out under the conditions 
which are easy to perform oxidation, such as using the amount of oxygen superfluous enough 
compared with titanium tetrachloride. If oxidation is insufficient, it leads to the increase in residual 
chlorinity inside particles. 

[0035]As a means of quenching, the method of introducing gas, such as a lot of cooling air and 
nitrogen, into a reaction mixture, for example or the method of spraying water is adopted. 
[0036]Rutile transition and grain growth can be controlled by being able to obtain an ultrafine particle 
with a low chlorine content inside particles by controlling the temperature in a coil at said not less 
than 800 ** less than 1,100 **, and controlling elevated-temperature holding time at 0.1 or less 
second, 

[0037]In order for the temperature in a coil to be said not less than 800 ** less than 1,100 **, it is 
preferred to adjust the cooking temperature of material gas to not less than 600 ** 1,100 ** or less. 
Although the heated material gas reacts and generates heat within a coil, the temperature in a coil 
cannot be not less than 800 ** easily for material gas temperature to be less than 600 **. Although 
there is device heat dissipation that material gas temperature is not less than 1,100 **, the 
temperature in a coil becomes easy to exceed 1,100 **. 

[0038]It is desirable still more preferred that it is 0.1-20 mol of inactive gas to 1 mol of gaseous 
titanium tetrachlorides, and the material gas presentation containing titanium tetrachloride is 4-20 
mol. When there is less inactive gas than said range, the titanium oxide particle density in reaction 
zones increases, and since it condenses and becomes easy to sinter, ultrafine particle titanium oxide 
is hard to be obtained. When there is more inactive gas than said range, reactivity falls and the 
recovery rate as titanium oxide falls. 

[0039]As for the amount of oxygen gas made to react to the material gas containing titanium 
tetrachloride, it is preferred that it is 1-30 mol to 1 mol of titanium tetrachloride. It is 5-30 mol still 
more preferably. If the amount of oxygen gas is increased, an ultrafine particle will become the 
number of karyogenesis increases and is easy to be obtained, but even if it exceeds 30 mol, most 
effects of making the number of karyogenesis increasing cannot be found. Even if the amount of 
oxygen gas exceeds 30 mol, it is uninfluential in the characteristic of titanium oxide, but a maximum is 
set up from an economical viewpoint. On the other hand, if the amounts of oxygen gas run short to 
titanium tetrachloride, it will be titanium oxide with many oxygen deficiencies, and will color. The 
steam other than oxygen may be contained in the oxidizing gas. Although each gas which mixed 
inactive gas (nitrogen, argon, etc.) can use it for oxygen, oxygen containing a steam, air, and these 
oxidizing gases, for example, since reaction temperature tends to control a oxidizing gas, its oxygen 
containing a steam is preferred. 

[0040]As for the dechlorination by heating of titanium oxide, it is preferred to carry out with the not 
less than 200 ** cooking temperature at 500 ** or less, contacting a steam to titanium oxide powder 
so that the mass ratio (the mass/titanium oxide of = steam are the same as that of mass and the 
following) of water and titanium oxide may become 0,01 or more. Preferably, the mass ratio of water 
and titanium oxide is 0.04 or more, and cooking temperature is not less than 250 ** 450 ** or less. If 
cooking temperature exceeds 500 **, sintering of a titanium oxide particle will progress and grain 
growth will arise. If cooking temperature is less than 200 **, the efficiency of a dechlorination will fall 
extremely. A dechlorination runs and goes, when chlorine on the surface of titanium oxide carries out 
a substitution reaction to the water near the particle, or the adjoining surface-water-of-aggregate 



acid radical of particles. When chlorine of a titanium oxide particle surface is replaced by water, it is 
dechlorinated, without carrying out grain growth, but when replaced by the surface-water^of- 
aggregate acid radical of the adjoining particles, grain growth will be carried out simultaneously with a 
dechlorination- Since the probability which carries out a substitution reaction to the particle surface 
hydroxy! group in which it adjoins as titanium oxide especially with large specific surface area 
becomes high, it is easy to carry out grain growth. That is, in order to attain dechlorination, 
controlling grain growth, the mass ratio of water and titanium oxide is also important, and if the mass 
ratio of water and titanium oxide is 0,01 or more, the effect which controls grain growth will be 
accepted. 

[0041 ]As for the steam contacted to titanium oxide, it is preferred to use it, mixing with the gas 
which has a role which moves efficiently the chlorine separated from titanium oxide out of a system. 
As such gas, air is mentioned, for example. When using air, as for a steam, it is desirable still more 
preferred that more than 0.1 capacity % is contained in air, and more than 5 capacity % is more than 
10 capacity % especially preferably. As for the air having contained the steam, it is preferred to heat 
at not less than 200 ** 1,000 ** or less. 

[0042]Since chlorine hardly exists in the inside of particles, low rutile type ultrafine particle titanium 
oxide by this invention can also form low-salt base by a wet type. Titanium oxide is made suspended 
to pure water, and the way ultrafiltration membrane, a reverse osmotic membrane, the filter press, 
etc. separate the chlorine which shifted to the liquid phase out of a system is mentioned to the wet 
dechlorination method, for example. Thus, low rutile type ultrafine particle titanium oxide with a total 
halogen content and the halogen content inside particles low in the relation of the BET specific 
surface area of this invention and halogen content which are manufactured, By carrying out 
dehalogenation of the halogen of a particle surface more nearly thoroughly preferably, low rutile type 
ultrafine particle titanium oxide whose total halogen content is very low can be obtained in a relation 
with a BET specific surface area. Therefore, low rutile type ultrafine particle titanium oxide of this 
invention, The specific surface area which rutile content measured with the BET one point method 

for BET method 5% or less like the above 10-200m 2 /g, The diameter of 90% accumulation mass 
particle size distribution measured with a laser diffraction type grading analysis meter is a titanium 

oxide particle of 2.5 micrometers or less, And when the halogen content inside B (m 2 /g) and a 
titanium oxide particle is made into Cj (mass ppm) for the specific surface area of the titanium oxide 

measured with the BET one point method for BET method, The amount of halogen contained in the 
inside of particles 0<=C j <=650ke° 0?B (k is 0.20), It is preferably characterized by 0<Cj<=650ke° 026 (k 

is 0.20) and the thing more preferably shown by 10<C j <=650ke 002B (k is 0.15). 
[0043] 

[Example]Although an example and a comparative example explain concretely hereafter, this invention 
is not limited to these at all. 

[0044]Example 1:1 1.8Nm 3 /hr (N means a normal condition.) It is below the same. The titanium 
tetrachloride dilution gas which diluted gaseous titanium tetrachloride with the nitrogen gas of 8- 
Nm 3 /hr is preheated at 900 **, The oxidizing gas which mixed oxygen of 8-Nm 3 /hr and a 32-Nm 3 /hr 
steam was preheated at 800 **, and these material gas was introduced into the reactor made from 
silica glass. As it had been 0.1 second about the not less than 800 ** elevated-temperature holding 
time below 1,100 **, finely-divided-titaniurn-oxide powder was caught with the bag filter made from 
polytetrafluoroethylene after introducing cooling air into a coil. 

[0045]The dechlorination of the obtained titanium oxide was carried out to the cylindrical shape 
revolving heating furnace with the mass ratio 0.02 of through, water, and titanium oxide, and the 
cooking temperature at 450 **. Then, the water extraction chlorine content was [ the BET specific 
surface area / 900 mass ppm and the total chlorine content of the obtained titanium oxide of 22m 2 /g 
and a rutile content ratio (it is also called rutile content.) ] 1,000 mass ppm 1%. However, a BET 
specific surface area is measured with the Shimadzu surface area measuring instrument (models are 
flow SOBU II and 2300), The peak height corresponding to a rutile type crystal [ in / in a rutile 
content ratio / an X diffraction ] (it carries out abbreviated to Hr.), It is the ratio (=100xHr/ 
(Hr+Ha+Hb)) computed from the peak height (it carries out abbreviated to Hb.) corresponding to a 
brookite type crystal, and the peak height (it carries out abbreviated to Ha.) corresponding to an 
anatase type crystal. It is a water extraction chlorine content to a formula (1). 900 mass ppm, total 



chlorine content The rate of surface chlorine computed by substituting 1,000 mass ppm was higher 
than 80%, and the total chlorine content showed the numerical value smaller than the value computed 

by substituting specific surface area 2 [ of 22 m ]/g for a formula (2). 

[0046]It was 1.1 micrometers as a result of measuring the diameter D90 of accumulation mass 
particle size distribution 90% by a laser diffraction type particle-size-distribution measuring method 
about the particle size distribution of the titanium oxide powder obtained here. The rate of rutile- 
izing, a BET specific surface area, a total chlorine content the rate of surface chlorine, D90 and Fe t 
aluminum, Si, and the analysis result of S are shown in Table 1. 

[0047]The titanium tetrachloride dilution gas which diluted gaseous titanium tetrachloride of example 
2:5.9Nm 3 /hr with the nitrogen gas of 30-Nm 3 /hr is preheated at 1,000 **, The oxidizing gas which 
mixed oxygen of 4-Nm 3 /hr and the steam of 16HMm 3 /hr was preheated at 1,000 **, and these 
materia! gas was introduced into the reactor made from silica glass. As it had been 0.03 second about 
the not less than 800 ** elevated-temperature holding time below 1,100 **, finely-divided-titanium- 
oxide powder was caught with the bag filter made from polytetrafluoroethylene after introducing 
cooling air into a coil. 

[0048]The obtained titanium oxide was put into the hot wind circulation heating furnace, and the 
dechlorination was carried out to water with the titanium oxide mass ratio 0.04 and the cooking 
temperature at 450 **. In this way, the water extraction chlorine content was [ the BET specific 
surface area / 900 mass ppm and the total chlorine content of the obtained titanium oxide of 65m /g 
and rutile content ] 1,100 mass ppm 3%. It is a water extraction chlorine content to a formula (1). 900 
mass ppm, total chlorine content The rate of surface chlorine computed by substituting 1,100 mass 
ppm was higher than 80%, and the total chlorine content showed the numerical value smaller than the 
value computed by substituting specific surface area 2 [ of 65 m ]/g for a formula (2). The diameter 
D90 of 90% accumulation mass particle size distribution in the particle size distribution measured by 
the laser diffraction type particle-size-distribution measuring method of this powder was 1.9 
micrometers. The rate of rutile-izing, a BET specific surface area, a total chlorine content, the rate of 
surface chlorine, D90 and Fe, aluminum, Si, and the analysis result of S are shown in Table 1. 
[0049]The titanium tetrachloride dilution gas which diluted gaseous titanium tetrachloride of example 

3:4.7Nm 3 /hr with the nitrogen gas of 36-Nm 3 /hr is preheated at 1,000 **, The oxidizing gas which 

mixed the air of 36-Nm 3 /hr and the steam of 25-Nm 3 /hr was preheated at 1,000 **, and these 
material gas was introduced into the reactor made from silica glass. As it had been 0.02 second about 
the not less than 800 ** elevated-temperature holding time below 1,100 **, finely-divided-titanium- 
oxide powder was caught with the bag filter made from polytetrafluoroethylene after introducing 
cooling air into a coil. 

[0050]The obtained titanium oxide was put into the hot wind circulation heating furnace, and the 
dechlorination was carried out to water with the titanium oxide mass ratio 0.06 and the cooking 
temperature at 350 **. In this way, water extraction chlorine content was [ the BET specific surface 

area / 1,800 mass ppm and the total chlorine content of the obtained titanium oxide of 97m Vg and 
rutile content ] 2,000 mass ppm 1%. It is a water extraction chlorine content to a formula (1). 1,800 
mass ppm, total chlorine content The rate of surface chlorine computed by substituting 2,000 mass 
ppm was higher than 80%, and total chlorine content showed the numerical value smaller than the 
value computed by substituting specific surface area 2 [ of 97 m ]/g for a formula (2), The diameter 
D90 of 90% accumulation mass particle size distribution in the particle size distribution measured by 
the laser diffraction type particle-size-distribution measuring method of this powder was 2.2 
micrometers. The rate of rutile-izing, a BET specific surface area, a total chlorine content, the rate of 
surface chlorine, D90 and Fe, aluminum, Si, and the analysis result of S are shown in Table 1. 
[0051 ]The titanium tetrachloride dilution gas which diluted gaseous titanium tetrachloride of 
comparative example 1:11.8Nm 3 /hr with the nitrogen gas of 8-Nm 3 /hr is preheated at 900 **, The 
oxidizing gas which mixed oxygen of 8~Nm 3 /hr and a 32-Nm 3 /hr steam was preheated at 800 **, and 
these material gas was introduced into the reactor made from silica glass. As it had been 0.2 second 
about the not less than 800 ** elevated-temperature holding time below 1,100 **, finely-divided- 
titanium-oxide powder powder was caught with the bag filter made from polytetrafluoroethylene after 
introducing cooling air into a coil. 

[0052]The dechlorination of the obtained titanium oxide was carried out to through and water in the 



cylindrical shape revolving heating furnace with the titanium oxide mass ratio 0.02 and the cooking 
temperature at 450 **. In this way, the water extraction chlorine content was [ the BET specific 

surface area / 300 mass ppm and the total chlorine content of the obtained titanium oxide of 19m /g 
and a rutile content ratio ] 300 mass ppm 1 1%. It is water extraction chlorine content to a formula (1). 
300 mass ppm, total chlorine content The rate of surface chlorine computed by substituting 300 
mass ppm was higher than 80%, and total chlorine content showed the numerical value smaller than 
the value computed by substituting specific surface area 2 [ of 19 m ]/g for a formula (2). The 
diameter D90 of 90% accumulation mass particle size distribution in the particle size distribution 
measured by the laser diffraction type particle-size-distribution measuring method of this powder 
was 0.8 micrometer. The rate of rutile-izing, a BET specific surface area, a total chlorine content the 
rate of surface chlorine, D90 and Fe, aluminum, Si, and the analysis result of S are shown in Table 1. 
[0053]The titanium tetrachloride dilution gas which diluted gaseous titanium tetrachloride of 
comparative example 2:4.7Nm 3 /hr with the nitrogen gas of 36-Nm 3 /hr is preheated at 800 **, The 
oxidizing gas which mixed the air of 36-Nm 3 /hr and the steam of 25-Nm 3 /hr was preheated at 800 
**, and these material gas was introduced into the reactor made from silica glass. This coil 
temperature was controlled at 750 **, and finely-divided-titanium-oxide powder was caught with the 
bag filter made from polytetrafluoroethylene after introducing cooling air into a coil so that material 
gas might be stagnated for 0,08 second. 

[0054]The obtained titanium oxide was put into the hot wind circulation heating furnace, and the 
dechlorination was carried out to water with the titanium oxide mass ratio 0.04 and the cooking 
temperature at 350 **. In this way, water extraction chlorine content was [ the BET specific surface 
area / 2,800 mass ppm and the total chlorine content of the obtained titanium oxide of 74m 2 /g and 
rutile content ] 3,900 mass ppm 2%. It is a water extraction chlorine content to a formula (1). 2,800 
mass ppm, total chlorine content The rate of surface chlorine computed by substituting 3,900 mass 
ppm was lower than 80%, and total chlorine content showed the bigger numerical value than the value 
computed by substituting specific surface area 2 [ of 74 m ]/g for a formula (2). The diameter D90 of 
90% accumulation mass particle size distribution in the particle size distribution measured by the 
laser diffraction type particle-size-distribution measuring method of this powder was 3.6 
micrometers. The rate of rutile-izing, a BET specific surface area, a total chlorine content the rate of 
surface chlorine, D90 and Fe, aluminum, Si, and the analysis result of S are shown in Table 1. 
[0055]The titanium tetrachloride dilution gas which diluted gaseous titanium tetrachloride of 
comparative example 3:5.9Nm 3 /hr with the nitrogen gas of 30-Nm 3 /hr is preheated at 1,100 **, The 
oxidizing gas which mixed oxygen of 4-Nm 3 /hr and the steam of 16-Nm 3 /hr was preheated at 1,100 
**, and these material gas was introduced into the reactor made from silica glass. This coil 
temperature was controlled at 1,200 **, and finely-divided-titanium-oxide powder was caught with 
the bag filter made from polytetrafluoroethylene after introducing cooling air into a coil so that 
material gas might be stagnated for 0.04 second. 

[0056]The obtained titanium oxide was put into the hot wind circulation heating furnace, and the 
dechlorination was carried out to water with the titanium oxide mass ratio 0.06 and the cooking 
temperature at 450 **. In this way, the water extraction chlorine content was [ the BET specific 
surface area / 1,200 mass ppm and the total chlorine content of the obtained titanium oxide of 
44m 2 /g and rutile content ] 1,300 mass ppm 12%. It is a water extraction chlorine content to a 
formula (1). 1,200 mass ppm, total chlorine content The rate of surface chlorine computed by 
substituting 1 ,300 mass ppm was higher than 80%, and total chlorine content showed the numerical 
value smaller than the value computed by substituting specific surface area 2 [ of 44 m ]/g for a 
formula (2). The diameter D90 of 90% accumulation mass particle size distribution in the particle size 
distribution measured by the laser diffraction type particle-size-distribution measuring method of this 
powder was 1.2 micrometers. The rate of rutile-izing, a BET specific surface area, a total chlorine 
content the rate of surface chlorine, D90 and Fe, aluminum, Si, and the analysis result of S are 
shown in Table 1. 

Comparative example 4: Pure water washed the precipitate obtained by boiling a commercial titanyl 
sulfate solution (the Kanto Kagaku make, the 1st class of reagent), and hydrous titanium oxide was 
obtained. In order to remove residual sulfuric acid of this hydrous titanium oxide, pure water was 
added and it was considered as the slurry, and the aqueous ammonia solution was added, the pH to 5 



was adjusted, stirring this, and it stirred for 12 hours. Then, hydrous titanium oxide concentration was 
condensed to 20 mass % by ultrafiltration membrane, filtering by ultrafiltration membrane, adjusting 
the pH to 5 and adding [ add an aqueous ammonia solution to a concentrate again, ] pure water after 
12-hour stirring — a titania — sol was obtained, the obtained titania — sol was dried at 300 ** for 2 
hours, and ultrafine particle titanium oxide by a liquid phase process was obtained. The BET specific 
surface areas of the obtained titanium oxide were 212m 2 /g and 1% of rutile content Both the water 
extraction chlorine content and the total chlorine content were 0 mass ppm. When this titanium oxide 
was cracked with the mortar and particle size distribution was measured by the laser diffraction type 
particle-size-distribution measuring method, the 90% accumulation mass particle size D90 was 26.1 
micrometers. The rate of rutile-izing, a BET specific surface area, a total chlorine content, the rate of 
surface chlorine, D90 and Fe P aluminum, Si, and the analysis result of S are shown in Table 1. 
[0057] 
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[0058] 

[Effect of the Invention]It compares with the conventional titanium oxide which has an equivalent 
BET specific surface area by this invention, The anatase type ultrafine particle titanium oxide by a 
gaseous phase method whose halogen content inside particles was low and which was excellent in 
especially dispersibility, Titanium oxide of 2.5 micrometers or less and these manufacturing methods 
are provided for D90 measured by titanium oxide and the laser diffraction type particle-size- 
distribution measuring method with which the relation between a BET specific surface area (B) and 
halogen content (C) is satisfied of the conditions of said formula (2) by carrying out dehalogenation of 
this. 

[0059]Since dispersibility [ especially as opposed to / titanium oxide of this invention is suitable for a 
photocatalyst use, a solar cell use, etc. and / the solvent of a drainage system ] is excellent, It can 
use conveniently for an underwater photocatalyst use, a crushing process etc. can be managed with 
needlessness or very minor equipment also as a granular material, and it has industrial very big 
practical value. 
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TECHNICAL FIELD 



[Field of the Invention]This invention relates to suitable low-salt matter ultrafine particle titanium 
oxide of a low rutile type for a photocatalyst a solar cell, the additive agent to silicone rubber, a 
dielectric use, etc., and a manufacturing method for the same. In the gaseous phase method titanium 
oxide obtained by carrying out high temperature oxidation of the gas containing halogen titanium with 
a oxidizing gas in more detail, it is related with good low halogen ultrafine particle titanium oxide of a 
low rutile type and a manufacturing method for the same of dispersibility easily [ a halogen content is 
low and / removal of the halogen which remained ]. 
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PRIOR ART 



[Description of the Prior Art]Ultrafine particle titanium oxide has been used [ many uses, such as an 
ultraviolet-rays shielding material, an additive agent of silicone GOMUHE, a dielectric raw material, 
and cosmetics, ] (titanium oxide is indicated to be a titanium dioxide to Japanese Industrial Standard 

(jis).). 

Since titanium oxide is widely used as a general name, in this specification, it is called titanium oxide 
for short. 

Titanium oxide is applied also as a photo catalyst, a solar cell, etc. 

[0003]Although a rutile type, an anatase type, and three brookite type kinds exist in the crystal form 
of titanium oxide, in the above-mentioned photocatalyst and the field of a solar cell use, the anatase 
type and brookite type which excel a rutile type in photoelectricity chemicals activity are used. 
[0004]The photocatalyst effect of titanium oxide is used for disassembly of organic matters, such as 
an antibacterial tile, self-cleaning building materials, and a deodorizing fiber, and the mechanism is 
explained as follows. Titanium oxide absorbs ultraviolet rays and makes the inside generate an 
electron and an electron hole. An electron hole reacts to the water of adsorption of titanium oxide, 
makes a hydroxy radical generate, and disassembles into carbon dioxide or water the organic matter 
which stuck to the titanium oxide particle surface ("optical clean revolution" Akira Fujishima, 
Kazuhito Hashimoto, Toshiya Watabe collaboration, CMC Co., Ltd., 143 - 145 pages (1997)). That is, it 
being easy to generate an electron hole and arriving [ an electron hole / easily ]-at the titanium oxide 
surface ** are mentioned as conditions for strong titanium oxide of a photocatalyst effect. Anatase 
type titanium oxide, titanium oxide with few lattice defects, and titanium oxide with large specific 
surface area with small particles are mentioned to "everything about titanium oxide 
photocatalysts" (Kazuhito Hashimoto and Fujishima Showa edit CMC Co,, Ltd., 29 - 30 pages (1998)) 
as titanium oxide with a high photocatalyst effect. 

[0005]Since the application as a solar cell reported the dye sensitizing type solar cell with which 
GURETTSUERU and others of Lausanne College of Engineering combined titanium oxide and 
ruthenium series coloring matter in 1991, research has been advanced (M. (Graezel, Nature, 353 and 
737, 1991)). In said dye sensitizing type solar cell, titanium oxide has a role of the support and the n- 
type semiconductor of coloring matter, and is used as a coloring matter electrode bound to the 
electrically-conductive-glass electrode. A dye sensitizing type solar cell is the structure which put 
the electrolyzer by the coloring matter electrode and the counter electrode, and coloring matter 
generates an electron and an electron hole by absorbing light. The electron by which it was generated 
reaches an electrically-conductive-glass electrode through a titanium oxide layer, and is taken out 
outside. On the other hand, the generated electron hole is carried to a counter electrode through an 
electrolyzer, and is combined with the electron supplied through the electrically-conductive-glass 
electrode. As a cause which improves the characteristic of a dye sensitizing type solar cell, it is 
mentioned that combination of titanium oxide and coloring matter is easy. As a crystal form of 
titanium oxide with an easy combination with coloring matter, anatase is used for JP,10-255863,A 
and it is indicated to JP,2000-340269,A, for example that brookite is suitable for a dye sensitizing 
type solar cell. 

[0006]Titanium oxide is important when the good thing of dispersibility pulls out the function. For 
example, since obliterating power will become strong if dispersibility is bad when using titanium oxide 
as a photocatalyst, the use which can be used wilt be limited. Since titanium oxide with bad 
dispersibility in the field of a solar cell cannot penetrate light easily, the titanium oxide which can be 
contributed to optical absorption is restricted, and it worsens photoelectric conversion efficiency. 



Generally, if light scattering (obliterating power) becomes the maximum when particle diameter is 
about [ of a visible light wavelength ] 1/2, and particle diameter becomes small, it is said that light 
scattering also becomes weaker ("titanium oxide" Seino ****, Gihodo Shuppan Co., Ltd., Inc., p. 129, 
(1991)). the primary particle diameter of the titanium oxide used in the above-mentioned field — 
number - since it is tens of nm in many cases, if dispersibility is good, the influence on light 
scattering is small. However, as for titanium oxide with large condensation particle diameter with bad 
distribution, light scattering will become strong. 

[0007]From the above reason, in the above-mentioned field, high dispersibility is required of titanium 
oxide and the good anatase type of dispersibility or brookite type ultrafine particle titanium oxide is 
used for it. Generally, the primary particle diameter of an ultrafine particle is usually called to particle 
of about 0.1 micrometer or less, although it does not clarify. 

[0008]lf the ingredient which has corrosiveness like chlorine exists, in order to make a substrate 
corrode or to make it deteriorate when using titanium oxide with a photocatalyst and a solar cell, it is 
necessary to stop the chlorine content of titanium oxide low. It is better to stop Fe, aluminum, Si, S, 
etc. low. For example, if there is too much Fe in titanium oxide, it will become a cause of coloring, and 
it is not suitable for use for the use of which transparency is required. If there are too many 
ingredients, such as aluminum inside a titanium oxide particle and S, a lattice defect will be produced, 
and reducing the function as a photocatalyst and a solar cell is also considered. 
[0009]The manufacturing method of titanium oxide has a liquid phase process which divides roughly 
and hydrolyzes titanium tetrachloride and titanyl sulfate, and the gaseous phase method make 
halogenation titanium react to oxidizing gases, such as oxygen or a steam. Although titanium oxide by 
a liquid phase process can obtain anatase as a main phase, it cannot but be in sol or a slurry regime. 
A use is limited when using it in this state. In order to use it as powder, it is necessary to make it dry, 
and desiccation takes the ultrafine particle which got wet in the solvent for progressing, and 
condensation becomes intense ("ultrafine particle handbook" Saito [ Susumu ] 6 editorial supervision, 
a FUJI techno system, 388 pages (1990)). In presenting a photocatalyst etc. with this titanium oxide, 
in order to improve dispersibility, it is necessary to crack titanium oxide strongly or to grind, and 
problems originating in processing of grinding etc., such as mixing of a wear thing and unevenness of 
particle size distribution, may be caused. 

[0010]Generally, since a solvent is not used for titanium oxide by a gaseous phase method, it is 
excellent in dispersibility compared with the liquid phase process. 

[0011]There are many examples which obtain the ultrafine particle of titanium oxide by a gaseous 
phase method, for example, in JP,6-340423,A. In the method of hydrolyzing titanium tetrachloride in a 
flame and manufacturing titanium oxide, adjust the mole ratio of oxygen, titanium tetrachloride, and 
hydrogen, it is made to react, and the method of obtaining titanium oxide with high rutile content is 
indicated. By making titanium tetrachloride hydrolyze into JP,7-316536,A in the elevated- 
temperature gaseous phase, and cooling a resultant quickly, In the method of manufacturing 
crystalline-titanium-oxide powder, the way the first [ an average of ] particle diameter obtains 
crystalline substance transparent titanium oxide (not less than 40 nm and 150 nm or less) is indicated 
by specifying flame temperature and the titanium concentration in material gas. However, in any case, 
it is particles, but only titanium oxide with high rutile content is obtained, and it is not suitable for 
using it as a photocatalyst use and a solar cell use. 

[0012]The manufacturing method which adjusts the content ratio of rutile because the way anatase 
manufactures titanium oxide of a main phase by a gaseous phase method changes the ratio of 
hydrogen in the gaseous mixture of oxygen and hydrogen into JP,3-25231 5,A in gaseous phase 
reaction, for example is indicated. 
Titanium oxide whose rutile content is 9% is indicated. 

However, the particle diameter of the illustrated titanium oxide is 0.5-0,6 micrometer, and is coarser 
than the range of the particle diameter generally called ultrafine particle. 

[001 3]If titanium oxide is manufactured by the gaseous phase method which uses halogenation 
titanium as a raw material, it will be easy to obtain an ultrafine particle, but since halogen of raw 
material origin remains in titanium oxide, the dehalogenation by heating or rinsing is needed in many 
cases. However, sintering of particles advances with heating for low halogenation, and specific 
surface area falls easily, and also transition of the crystal form to a rutile type [ type / anatase ] may 
produce ultrafine particle titanium oxide. In order to control the fall of specific surface area, and 
crystal transition, heating of low temperature or a short time must be performed, but it stops fully 



being able to carry out dehalogenation. The low chlorinating method of ultrafine particle titanium 
oxide is indicated by JP f 1 0-251 021 A for example. This method is the method of making a steam 
contact rolling titanium oxide all over a cylindrical shape revolving heating furnace, and making a 
chlorine content low. The rutile content of the titanium oxide indicated to this was as high as 15%. 
[0014]On the other hand, although the halogen which remained in the titanium oxide particle surface 
could be removed in the dehalogenation by rinsing etc., since halogen inside particles was not able to 
contact water easily, it had the problem that internal halogen remained easily. 

[0015]These ultrafine particle titanium oxide of the low rutile type whose halogen content is [ like ] 
low in the conventional gaseous phase method was not obtained. 

[Patent documents 1] JP,10-255863,A[Patent documents 2] JP,2000-340269,A[Patent documents 3] 
JP,6-340423,A[Patent documents 4] JP,7-31 6536,A[Patent documents 5] JP,10-251021,A 
[Nonpatent literature 1] "Optical clean revolution" Akira Fujishima, Kazuhito Hashimoto, Toshiya 
Watabe collaboration, CMC Co,, Ltd., 143 - 145 pages (1997) 

[Nonpatent literature 2] "Everything about titanium oxide photocatalysts" (Kazuhito Hashimoto and 
Fujishima Showa edit, CMC Co., Ltd., 29 - 30 pages (1998)) 
[Nonpatent literature 3] M,Graezel,Nature,353,737,(1 991) 

[Nonpatent literature 4] "Titanium oxide" Seino ****, Gihodo Shuppan Co., Ltd., Inc., p,129 (1991), 
[Nonpatent literature 5] ("Ultrafine particle handbook" Saito [ Susumu ] 6 editorial supervision, a 
FUJI techno system, 388 pages (1990)) 
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EFFECT OF THE INVENTION 



[Effect of the Invention]It compares with the conventional titanium oxide which has an equivalent 
BET specific surface area by this invention, The anatase type ultrafine particle titanium oxide by a 
gaseous phase method whose halogen content inside particles was low and which was excellent in 
especially dispersibility, Titanium oxide of 2.5 micrometers or less and these manufacturing methods 
are provided for D90 measured by titanium oxide and the laser diffraction type particle-size- 
distribution measuring method with which the relation between a BET specific surface area (B) and 
halogen content (C) is satisfied of the conditions of said formula (2) by carrying out dehalogenation of 
this. 

[0059]Since dispersibility [ especially as opposed to / titanium oxide of this invention is suitable for a 
photocatalyst use, a solar cell use, etc. and / the solvent of a drainage system ] is excellent, It can 
use conveniently for an underwater photocatalyst use, a crushing process etc. can be managed with 
needlessness or very minor equipment also as a granular material, and it has industrial very big 
practical value. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention]This invention is made that the above-mentioned problem 
should be solved, and there is a technical problem of this invention in excelling in dispersibility and 
providing ultrafine particle titanium oxide of a low rutile type with a low halogen content, and a 
manufacturing method for the same in a gaseous phase method. 
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MEANS 

[Means for Solving the ProblemjAs a result of inquiring wholeheartedly in view of an aforementioned 
problem, this invention persons find out that it excels in dispersibility and ultrafine particle titanium 
oxide of a low rutile type with a low halogen content can be manufactured in a gaseous phase 
method, and came to solve an aforementioned problem. 

[0018]In a gaseous phase method to which gas and a oxidizing gas (mixed gas containing oxygen, a 
steam, or these) with which this invention contains halogenation titanium are made to react, . After 
making this material gas react, controlling cooking temperature and cooking time, are obtained by 
carrying out dehalogenation. Ultrafine particle titanium oxide of a low rutile type which rutile content 
is 5% or less of titanium oxide, and has a high BET specific surface area and the specific 
characteristic, and a manufacturing method for the same are provided. 
[0019]That is, this invention includes the following inventions. 

(1) Are titanium oxide obtained by making gas and a oxidizing gas containing halogenation titanium 
react and rutile content at 5% or less. And when B (m 2 /g) and a total halogen content of titanium 
oxide are set to C (mass ppm) for specific surface area of titanium oxide measured with a BET one 
point method for BET method, Titanium oxide when it is shown by C<=650e 0 02B and is considered as 
aqueous suspension of 1 mass %, wherein halogen more than 80 mass % of the amount of halogen 
contained in titanium oxide after neglect for 30 minutes at 20 ** shifts the aqueous suspension to 
the liquid phase. 

(2) Titanium oxide given in the above (1) in which halogen more than 90 mass % of the amount of 
halogen contained in titanium oxide shifts to the liquid phase. 

(3) Titanium oxide the above (1) in which titanium oxide contains each element of Fe, aluminum, Si, 
and S below 100 mass ppm, respectively, or given in (2). 

(4) Titanium oxide given in above-mentioned (1) - (3) in which titanium oxide has the specific surface 
area of 10-200»m 2 /g. 

(5) Titanium oxide given in any 1 paragraph of above-mentioned (1) - (4) whose main phase of 
titanium oxide is anatase. 

(6) Titanium oxide given in the above (5) whose anatase content of titanium oxide is not less than 
90%. 

(7) Titanium oxide given in any 1 paragraph of above-mentioned (1) - (4) whose main phase of 
titanium oxide is brookite. 

(8) Titanium oxide of the above (7) whose brookite content of titanium oxide is not less than 90%. 

(9) Titanium oxide given in any 1 paragraph of above-mentioned (1) - (8) in which titanium oxide has 
a diameter of 90% accumulation mass particle size distribution of 2.5 micrometers or less measured 
with a laser diffraction type grading analysis meter. 

(10) Titanium oxide given in any 1 paragraph of above-mentioned (1) - (9) said whose halogenation 
titanium is titanium tetrachloride and in which said halogen is chlorine. 

(11) In the gaseous phase method for manufacturing titanium oxide by making gas and a oxidizing gas 
containing halogenation titanium react, A manufacturing method of titanium oxide in which 
temperature in this reactor is characterized by not less than 800 ** being less than 1,100 ** when 
gas and a oxidizing gas containing halogenation titanium are introduced into a reactor, respectively 
and are made to react. 

(12) A manufacturing method of titanium oxide given in the above (11) whose with a not less than 800 
** [ temperature below 1,100 ** ] holding time gas and a oxidizing gas containing halogenation 



titanium is 0.1 or less second within a reactor. 

(13) A manufacturing method of titanium oxide the above (11) which gas and a oxidizing gas 
containing halogenation titanium are preheated by not less than 600 ** and less than 1,100 **, 
respectively, and is introduced into a reactor, or given in (12). 

(14) a reaction — halogenation — titanium — one — mol — receiving — inactive gas — 0.1 - 20 — 
mol — a rate — having mixed — material gas — halogenation — titanium — one — mol — receiving 
— one - 30 — mol — a oxidizing gas — carrying out — having — the above — ( — 11 — ) - ( — 1 3 
— ) — some — one — a paragraph — a statement — titanium oxide — a manufacturing method . 

(15) A manufacturing method of titanium oxide given in any 1 paragraph of above-mentioned (11) - 
(14), wherein a oxidizing gas is oxygen gas containing a steam. 

(16) A manufacturing method of titanium oxide given in the above (15) in which a oxidizing gas 
contains 0.1 mol or more of steams to 1 mol of oxygen gas. 

(17) A manufacturing method of titanium oxide given in any 1 paragraph of above-mentioned (11) - 
(16) in which said halogenation titanium is titanium tetrachloride. 

(18) The above (11) Manufacturing method of titanium oxide removing halogen for titanium oxide 
manufactured with a manufacturing method given in any 1 paragraph of - (17) by dry type. 

(19) A manufacturing method of titanium oxide given in the above (18) whose method of removing 
halogen by dry type is the method of performing by heating titanium oxide at 200-500 **. 

(20) A manufacturing method of titanium oxide given in the above (18) whose method of removing 
halogen by dry type is the method of performing while heating gas containing a steam at 200-1000 ** 
and making titanium oxide contact. 

(21) A manufacturing method of titanium oxide given in the above (20) which is the air in which gas 
containing a steam contains a steam in more than 0.1 capacity %. 

(22) A manufacturing method of titanium oxide given in the above (20) whose steam is 0.01 or more in 
a mass ratio to titanium oxide. 

(23) The above (11) Manufacturing method of titanium oxide obtaining a slurry which removes halogen 
for titanium oxide manufactured with a manufacturing method given in any 1 paragraph of - (17) by a 
wet type T and contains titanium oxide. 

(24) A manufacturing method of titanium oxide given in the above (23) which is the method of 
separating halogen in which a method of removing halogen by a wet type made titanium oxide 
suspended in water, and shifted to the liquid phase out of a system. 

(25) A manufacturing method of titanium oxide the above (23) whose method of removing halogen by 
a wet type is a method of separating halogen by ultrafiltration membrane, or given in (24). 

(26) A manufacturing method of titanium oxide the above (23) whose method of removing halogen by 
a wet type is a method of separating halogen by a reverse osmotic membrane, or given in (24). 

(27) A manufacturing method of titanium oxide the above (23) whose method of removing halogen by 
a wet type is a way the filter press separates halogen, or given in (24). 

(28) The above (11) Granular material by which titanium oxide manufactured with a manufacturing 
method of a statement being included in any 1 paragraph of - (27). 

(29) The above (11) Slurry by which titanium oxide manufactured with a manufacturing method of a 
statement being included in any 1 paragraph of - (27). 

(30) The above (11) Constituent by which titanium oxide manufactured with a manufacturing method 
of a statement being included in any 1 paragraph of - (27). 

(31) The above (11) Photocatalyst material by which titanium oxide manufactured with a 
manufacturing method of a statement being included in any 1 paragraph of - (27). 

(32) The above (11) Charge of wet solar cell material by which titanium oxide manufactured with a 
manufacturing method of a statement being included in any 1 paragraph of - (27). 

(33) The above (11) Dielectric raw material by which titanium oxide manufactured with a 
manufacturing method of a statement being included in any 1 paragraph of - (27). 

(34) The above (11) Silicone rubber additive agent by which titanium oxide manufactured with a 
manufacturing method of a statement being included in any 1 paragraph of - (27). 

Specific surface area which rutile content measured with a BET one point method for BET method 5% 

or less (35) 10~200m 2 /g, A diameter of 90% accumulation mass particle size distribution measured 
with a laser diffraction type grading analysis meter is a titanium oxide particle of 2.5 micrometers or 

less, And when a halogen content inside B (m 2 /g) and a titanium oxide particle is made into Cj (mass 



ppm) for specific surface area of titanium oxide measured with a BET one point method for BET 
method, A titanium oxide particle, wherein the amount of halogen contained in an inside of particles is 

shown by 0 <=C j <=650ke° 028 (k is 0.20). 

(36) A titanium oxide particle given in the above (35) which contains in an inside of particles halogen 

of quantity shown by lO^^Oke 0 026 (k is 0.15). 

[0020] 

[Embodiment of the Invention]As halogenation titanium which is a raw material of titanium oxide of 
this invention, the titanium chloride which is easy to come to hand industrially, especially titanium 
tetrachloride are preferred. Therefore, although the case where halogen is chlorine about this 
invention is hereafter explained as an example of representation, this invention can be applied also 
when halogen is bromine or iodine. In spite of manufacturing low rutile type ultrafine particle titanium 
oxide of this invention using titanium tetrachloride by a gaseous phase method, chlorine hardly exists 
in the inside of particles. Although the chlorine which remains inside particles is temporally diffused 
from the inside of a particle to the surface, it may corrode and a substrate may be deteriorated, in 
easy dechlorination of rinsing, desiccation, etc., it is hard to remove. Therefore, it is desirable for 
chlorine not to exist in the inside of a titanium oxide particle. About the chlorine content inside the 
particles occupied to the inside of the sum total chlorinity inside a particle surface and particles, the 
ratio of the chlorine (water extraction chlorine is called) extracted from titanium oxide with pure 
water and all the chlorine (all the chlorine is called) contained in a titanium oxide particle is made into 
an index, and it is a lower type (1), 
R=WCL/TCLx100 (1) 

(R expresses the rate of surface chlorine (%) among a formula, WCL expresses the content (mass %) 
of the water extraction chlorine contained in titanium oxide, and TCL expresses the content (mass %) 
of all the chlorine contained in titanium oxide.) — it is shown that there is so little chlorine content 
inside a titanium oxide particle that the value of R expressed is high. About titanium oxide in this 
invention, it is desirable still more preferred that R is not less than 80%, and it is not less than 90%. 
[0021 ]The ultrafine particle titanium oxide obtained by the gaseous phase method which uses 
titanium tetrachloride of this invention as a raw materia! is rutile content[The peak height 
corresponding to a rutile type crystal [ in / in rutile content / an X diffraction ] (it carries out 
abbreviated to Hr.X The ratio computed from the peak height (it carries out abbreviated to Hb,) 
corresponding to a brookite type crystal, and the peak height (it carries out abbreviated to Ha.) 
corresponding to an anatase type crystal (=100xHr/(Hr+Ha+Hb) is said.) ] is 5% or less of ultrafine 
particle titanium oxide (it may be hereafter called for short ultrafine particle titanium oxide of a low 
rutile type.), and it is following general formula (2):C<=650xe 0 02B also before a dechlorination step not 

only depending on after a dechlorination step but depending on the case (2) 

It comes out and has a total chlorine content expressed. C shows a total chlorine content (mass %) 
among a formula. C measures the liquid which added fluoric acid solution to titanium oxide, and 
carried out heating and dissolving to it with microwave, for example with the potentiometric titration 
by silver nitrate, obtains the mass of chlorine in titanium oxide, and is obtained by **(ing) with the 
mass of titanium oxide using this. B expresses a BET specific surface area (m 2 /g), and the range is 
10-200m 2 /g. It has the characteristic of being expressed. 

[0022]That is, ultrafine particle titanium oxide of a low rutile type of this invention is titanium oxide 
with few total chlorine contents with which it is satisfied of the conditions of the above-mentioned . 
general formula (2) in drawing 1, and R of the above-mentioned formula (1) is a titanium oxide particle 
with small chlorine content inside large particles. Ultrafine particle titanium oxide by the gaseous 
phase method which uses conventional titanium tetrachloride as a raw material, Even if it is a low 
rutile type titanium dioxide, it is what has the characteristic of the field plotted by the upper part of 
the curve expressed with C=650xe 002B shown in drawin g 1 in the relation between a BET specific 
surface area and a total chlorine content, It was a titanium oxide particle whose chlorine content 
inside the above-mentioned particles is also large further again. In particular, the dechlorination of 
the titanium oxide with larger specific surface area is hard to be carried out, and it has a tendency 
which a chlorine content increases exponentially. 

[0023]As for the low rutile type titanium dioxide of this invention, the relation between a chlorine 
content and a BET specific surface area satisfies the characteristic of a general formula (2), it is an 



ultrafine particle — usually — the range of a BET specific surface area — 10-200rrr/g — they are 
40-200m 2 /g and a thing which has the range of 45-120-m 2 /g still more preferably preferably. 
[0024] ultrafine particle titanium oxide of a low rutile type of this invention — the content of Fe, 
aluminum, Si, and S — below 100 mass each ppm — desirable — each 0.1 to 100 mass ppm — more 
— desirable — each 0.1 to 50 mass ppm — it is each 0.1 to 10 mass ppm still more preferably. In 
order for such impurity concentration to be less than 0.1 ppm, raw material which manufactures 
titanium oxide is made into a high grade, and it is necessary in equipment construction material to 
use a corrosion-resistant high thing more etc. It is economically more advantageous for titanium 
oxide of this invention not to carry out each impurity less than 0.1 mass ppm in the use usually used. 
[0025]The low rutile type titanium dioxide of this invention is characterized by dispersibility being 
high. In this invention, the laser diffraction type particle-size-distribution measuring method was 
adopted as an index of dispersibility, and particle size distribution was measured. According to 
"ultrafine particle handbook" Saito [ Susumu ] 6 editorial supervision, a FUJI techno system, p93, 
and (1990), there are a sedimentation method, a microscopic method, light scattering measurement, a 
direct count method, etc. in the measuring method of dispersibility, but. Among these, a 
sedimentation method and a direct count method are not less than hundreds of nm, and their 
measurable particle diameter is unsuitable for measuring the dispersibility of an ultrafine particle. 
Since measured value is changed by the sampling of an object sample, or pretreatment of a sample, a 
microscopic method cannot be said as a desirable measuring method, either. On the other hand, light 
scattering measurement can measure particle diameter in several nanometers - several micrometers, 
and are suitable for measurement of the ultrafine particle. The measurement procedure of particle 
size distribution is explained below. 

[0026]Ultrasonic irradiation (46 kHz, 65W) is carried out to the slurry which added 50 ml of pure 
water, and 10% sodium hexametaphosphate solution 100mul to the titanium oxide 0.05g for 3 minutes. 
Particle size distribution is measured applying this slurry to a laser diffraction type size distribution 
measuring device (Shimadzu Corp. make SALD-2000J). Thus, if the value of the diameter of 90% 
accumulation mass particle size distribution in the measured particle size distribution (it may be 
hereafter written as D90) is small, it will be judged that good dispersibility is shown to a hydrophilic 
solvent. Although it is also possible to make the diameter of accumulation mass particle size 
distribution into the index of dispersibility 50%, it is hard to detect the bad floe of dispersibility, and is 
not desirable. As for ultrafine particle titanium oxide of this invention, it is preferred that D90 is 2.5 
micrometers or less. 

[0027]Finely divided titanium oxide of this invention is contained as a particle component using the 
raw material, paints, or photocatalyst effect of various constituents, for example, can be used as the 
raw material of various products, such as cosmetics, an ultraviolet-rays shielding material, a dielectric 
or silicone rubber, and a solar cell, and an additive agent. 

[0028]Next, a manufacturing method is explained. The manufacturing method of common titanium 
oxide by a gaseous phase method is publicly known, and if titanium tetrachloride is oxidized under 
about 1,000 ** reaction condition using oxidizing gases, such as oxygen or a steam, particulate 
titanium oxide will be obtained. 

[0029]In order to obtain titanium oxide of an ultrafine particle in a gaseous phase method, growth 
time (growth zone) of particles must be shortened. That is, the grain growth by sintering etc. can be 
stopped by performing cooling, dilution, etc. promptly after a reaction and shortening elevated- 
temperature holding time as much as possible. It leads also to shortening of elevated-temperature 
holding time controlling the heat rearrangement to rutile from anatase, and particles with high anatase 
content can be obtained. 

[0030]In the titanium oxide generally obtained by the gaseous phase method which uses titanium 
tetrachloride as a raw material, chlorine of 0.1 - 2 mass % usually remains. The chlorine content to 
which the point which can combine chlorine etc. remains in a titanium oxide particle surface when 
those (the above-mentioned Seino **** "titanium oxide") with 13-piece [/nm ] 2 and all these joints 
are chlorinating is theoretically expressed in the anatase-type-titanium-oxide surface by the lower 
type (3). 

Y=0.077xA .... (3) 

(Y shows among a formula the chlorine content (mass %) which remains in a titanium oxide particle 
surface, and A shows specific surface area (m 2 /g).) 



For example, according to said formula (3) t the chlorine content which remains in the titanium oxide 
particle surface which has the specific surface area of 100~m 2 /g becomes about 8 mass %. 
[0031]In practice, that chlorine and a oxidizing gas replace at a reaction, and when chlorine carries 
out balanced movement according to the level-of-chlorine difference of a titanium oxide particle 
surface and the gaseous phase, the chlorine content of titanium oxide may become low a little rather 
than the value obtained by said formula (3), but It is considered that shortening of the elevated- 
temperature holding time in a reaction does not complete oxidation reaction of titanium tetrachloride, 
and makes the titanium oxide in which a part is chlorinated increased- Since residual chlorine also 
becomes increasing the chlorinity inside the grain child left behind inside a titanium oxide particle, the 
heat-treatment which chlorine removal takes will turn an elevated temperature and for a longtime, 
and will produce the fall of specific surface area. Therefore, although a chlorine content is high [ the 
ultrafine particle conventionally obtained by a gaseous phase method / of what has high anatase 
content ], or low, it is said that anatase content is low, 

[0032]In the gaseous phase method for manufacturing titanium oxide by reacting the gas and the 
oxidizing gas containing titanium tetrachloride in this invention (high temperature oxidation), The 
oxidizing gas heated at the gas containing the titanium tetrachloride heated at not less than 600 ** 
less than 1,100 ** and not less than 600 ** less than 1,100 ** is supplied to a coil, respectively, By 
making the titanium oxide produced by making react stagnate in the time for 0.1 or less second, and a 
coil on the not less than 800 ** high temperature conditions below 1,100 **, In the relation between 
a BET specific surface area and a chlorine content, low rutile type ultrafine particle titanium oxide 
with low total chlorine content, especially chlorine content inside particles is obtained, It found out 
that low rutile type ultrafine particle titanium oxide also with a low chlorine content inside particles 
whose total chlorine content is still lower was obtained by decholorinating this. Here, there are a dry 
method and wet process in a dechlorination. A dry type dechlorination method heats titanium oxide 
using heating apparatus, such as a cylindrical shape revolving heating furnace, a hot wind circle 
method heating furnace, a fluidized-drying furnace, and a churning drying furnace, and has a method 
of removing chlorine, for example. This invention is not necessarily limited to these heating apparatus. 
A wet dechlorination method makes titanium oxide suspended to pure water, and has a method of 
separating the chlorine which shifted to the liquid phase out of a system, for example. After 
separating chlorine out of a system, the obtained titanium oxide may be dried. 
[0033]Not less than 800 ** less than 1,100 ** is desirable still more preferred, and the temperature 
in the coil which introduces titanium tetrachloride content gas or a oxidizing gas is not less than 900 
** less than 1,000 #*. By making the degree of coil internal temperature high, simultaneously with 
mixing, since it completes, uniform karyogenesis is increased, and the reaction can make a reaction 
(CVD) zone small. If the degree of coil internal temperature is lower than 800 **, although titanium 
oxide with high anatase content will be easy to be obtained, a reaction is insufficient and chlorine 
remains inside a titanium oxide particle. If the degree of coil internal temperature will be not less than 
1,100 ** f rutile transition and particle growth will advance and a low rutile type and an ultrafine 
particle will not be obtained. 

[0034]Since this reaction is an exoergic reaction on the other hand when material gas is introduced 
into a coil and a reaction advances, the reaction zones where reaction temperature exceeds 1,100 ** 
exist. Although there is some device heat dissipation, unless it quenches, a titanium oxide particle will 
grow rapidly and a crystal form will transfer it to rutile. Then, in this invention, not less than 800 ** 
elevated-temperature holding time below 1,100 ** is especially made into the range for 0.01 to 0.05 
second preferably for 0.005 to 0.1 second 0.1 or less second. If elevated-temperature holding time 
exceeds 0.1 second, since transition to rutile and sintering of particles will advance, it is not 
desirable. Since elevated-temperature holding time becomes short [ the oxidation reaction time of 
titanium tetrachloride ] in less than 0.005 second, it is necessary to carry out under the conditions 
which are easy to perform oxidation, such as using the amount of oxygen superfluous enough 
compared with titanium tetrachloride. If oxidation is insufficient, it leads to the increase in residual 
chlorinity inside particles. 

[0035]As a means of quenching, the method of introducing gas, such as a lot of cooling air and 
nitrogen, into a reaction mixture, for example or the method of spraying water is adopted. 
[0036]Rutile transition and grain growth can be controlled by being able to obtain an ultrafine particle 
with a low chlorine content inside particles by controlling the temperature in a coil at said not less 
than 800 ** less than 1,100 **, and controlling elevated-temperature holding time at 0.1 or less 



second. 

[0037]In order for the temperature in a coil to be said not less than 800 ** less than 1,100 **, it is 
preferred to ac(just the cooking temperature of material gas to not less than 600 ** 1,100 ** or less. 
Although the heated material gas reacts and generates heat within a coil, the temperature in a coil 
cannot be not less than 800 ** easily for material gas temperature to be less than 600 **. Although 
there is device heat dissipation that material gas temperature is not less than 1,100 **, the 
temperature in a coil becomes easy to exceed 1,100 **. 

[0038]It is desirable still more preferred that it is 0,1-20 mol of inactive gas to 1 mol of gaseous 
titanium tetrachlorides, and the material gas presentation containing titanium tetrachloride is 4-20 
moL When there is less inactive gas than said range, the titanium oxide particle density in reaction 
zones increases, and since it condenses and becomes easy to sinter, ultrafine particle titanium oxide 
is hard to be obtained. When there is more inactive gas than said range, reactivity falls and the 
recovery rate as titanium oxide falls. 

[0039]As for the amount of oxygen gas made to react to the material gas containing titanium 
tetrachloride, it is preferred that it is 1-30 mol to 1 mol of titanium tetrachloride. It is 5-30 mol still 
more preferabfy. If the amount of oxygen gas is increased, an ultrafine particle will become the 
number of karyogenesis increases and is easy to be obtained, but even if it exceeds 30 mol, most 
effects of making the number of karyogenesis increasing cannot be found. Even if the amount of 
oxygen gas exceeds 30 mol, it is uninfluential in the characteristic of titanium oxide, but a maximum is 
set up from an economical viewpoint. On the other hand, if the amounts of oxygen gas run short to 
titanium tetrachloride, it will be titanium oxide with many oxygen deficiencies, and will color. The 
steam other than oxygen may be contained in the oxidizing gas. Although each gas which mixed 
inactive gas (nitrogen, argon, etc.) can use it for oxygen, oxygen containing a steam, air, and these 
oxidizing gases, for example, since reaction temperature tends to control a oxidizing gas, its oxygen 
containing a steam is preferred. 

[0040]As for the dechlorination by heating of titanium oxide, it is preferred to carry out with the not 
tess than 200 ** cooking temperature at 500 ** or less, contacting a steam to titanium oxide powder 
so that the mass ratio (the mass/titanium oxide of = steam are the same as that of mass and the 
following) of water and titanium oxide may become 0.01 or more. Preferably, the mass ratio of water 
and titanium oxide is 0.04 or more, and cooking temperature is not less than 250 ** 450 ** or less. If 
cooking temperature exceeds 500 **, sintering of a titanium oxide particle will progress and grain 
growth will arise. If cooking temperature is less than 200 **, the efficiency of a dechlorination will fall 
extremely. A dechlorination runs and goes, when chlorine on the surface of titanium oxide carries out 
a substitution reaction to the water near the particle, or the adjoining surface-water^of-aggregate 
acid radical of particles. When chlorine of a titanium oxide particle surface is replaced by water, it is 
dechlorinated, without carrying out grain growth, but when replaced by the surface-water-of- 
aggregate acid radical of the ac(joining particles, grain growth will be carried out simultaneously with a 
dechlorination. Since the probability which carries out a substitution reaction to the particle surface 
hydroxyl group in which it ac(joins as titanium oxide especially with large specific surface area 
becomes high, it is easy to carry out grain growth. That is, in order to attain dechlorination, 
controlling grain growth, the mass ratio of water and titanium oxide is also important, and if the mass 
ratio of water and titanium oxide is 0.01 or more, the effect which controls grain growth will be 
accepted. 

[0041 ]As for the steam contacted to titanium oxide, it is preferred to use it, mixing with the gas 
which has a role which moves efficiently the chlorine separated from titanium oxide out of a system. 
As such gas, air is mentioned, for example. When using air, as for a steam, it is desirable still more 
pre f errec j that more than 0.1 capacity % is contained in air, and more than 5 capacity % is more than 
10 capacity % especially preferably. As for the air having contained the steam, it is preferred to heat 
at not less than 200 ** 1,000 ** or less, 

[0042]Since chlorine hardly exists in the inside of particles, low rutile type ultrafine particle titanium 
oxide by this invention can also form low-salt base by a wet type. Titanium oxide is made suspended 
to pure water, and the way ultrafiltration membrane, a reverse osmotic membrane, the filter press, 
etc. separate the chlorine which shifted to the liquid phase out of a system is mentioned to the wet 
dechlorination method, for example. Thus, low rutile type ultrafine particle titanium oxide with a total 
halogen content and the halogen content inside particles low in the relation of the BET specific 
surface area of this invention and halogen content which are manufactured, By carrying out 



dehalogenation of the halogen of a particle surface more nearly thoroughly preferably, low rutile type 
ultrafine particle titanium oxide whose total halogen content is very low can be obtained in a relation 
with a BET specific surface area. Therefore, low rutile type ultrafine particle titanium oxide of this 
invention, The specific surface area which rutile content measured with the BET one point method 
for BET method 5% or less like the above 10-200m 2 /g, The diameter of 90% accumulation mass 
particle size distribution measured with a laser diffraction type grading analysis meter is a titanium 
oxide particle of 2.5 micrometers or less, And when the halogen content inside B (m 2 /g) and a 
titanium oxide particle is made into Cj (mass ppm) for the specific surface area of the titanium oxide 

measured with the BET one point method for BET method, The amount of halogen contained in the 
inside of particles 0<=C j <=650ke° 026 (k is 0.20), It is preferably characterized by 0<C j <=650ke 002B (k 

is 0.20) and the thing more preferably shown by 10<C i <=650ke 002B (k is 0.15). 
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EXAMPLE 



[ExamplejAlthough an example and a comparative example explain concretely hereafter, this invention 
is not limited to these at all. 

[0044]Example 1:1 1.8Nm 3 /hr (N means a normal condition,) It is below the same. The titanium 
tetrachloride dilution gas which diluted gaseous titanium tetrachloride with the nitrogen gas of 8- 
Nm 3 /hr is preheated at 900 **, The oxidizing gas which mixed oxygen of 8-Nm 3 /hr and a 32-Nm 3 /hr 
steam was preheated at 800 **, and these material gas was introduced into the reactor made from 
silica glass. As it had been 0.1 second about the not less than 800 ** elevated-temperature holding 
time below 1,100 **, finely-divided-titanium-oxide powder was caught with the bag filter made from 
polytetrafluoroethylene after introducing cooling air into a coil. 

[0045]The dechlorination of the obtained titanium oxide was carried out to the cylindrical shape 
revolving heating furnace with the mass ratio 0.02 of through, water, and titanium oxide, and the 
cooking temperature at 450 **. Then, the water extraction chlorine content was [ the BET specific 
surface area / 900 mass ppm and the total chlorine content of the obtained titanium oxide of 22m /g 
and a rutile content ratio (it is also called rutile content.) ] 1,000 mass ppm 1%. However, a BET 
specific surface area is measured with the Shimadzu surface area measuring instrument (models are 
flow SOBU II and 2300), The peak height corresponding to a rutile type crystal [ in / in a rutile 
content ratio / an X diffraction ] (it carries out abbreviated to Hr.), It is the ratio (=100xHr/ 
(Hr+Ha+Hb)) computed from the peak height (it carries out abbreviated to Hb.) corresponding to a 
brookite type crystal, and the peak height (it carries out abbreviated to Ha.) corresponding to an 
anatase type crystal. It is a water extraction chlorine content to a formula (1). 900 mass ppm, total 
chlorine content The rate of surface chlorine computed by substituting 1,000 mass ppm was higher 
than 80%, and the total chlorine content showed the numerical value smaller than the value computed 
by substituting specific surface area 2 [ of 22 m ]/g for a formula (2). 

[0046]lt was 1.1 micrometers as a result of measuring the diameter D90 of accumulation mass 
particle size distribution 90% by a laser diffraction type particle-size-distribution measuring method 
about the particle size distribution of the titanium oxide powder obtained here. The rate of rutiie- 
izing, a BET specific surface area, a total chlorine content, the rate of surface chlorine, D90 and Fe, 
aluminum, Si, and the analysis result of S are shown in Table 1 . 

[0047]The titanium tetrachloride dilution gas which diluted gaseous titanium tetrachloride of example 
2:5.9Nm 3 /hr with the nitrogen gas of 30-Nm 3 /hr is preheated at 1,000 **, The oxidizing gas which 
mixed oxygen of 4-Nm 3 /hr and the steam of 16-Nm 3 /hr was preheated at 1,000 **, and these 
material gas was introduced into the reactor made from silica glass. As it had been 0.03 second about 
the not less than 800 ** elevated-temperature holding time below 1,100 **, finely-divided-titanium- 
oxide powder was caught with the bag filter made from polytetrafluoroethylene after introducing 
cooling air into a coil. 

[0048]The obtained titanium oxide was put into the hot wind circulation heating furnace, and the 
dechlorination was carried out to water with the titanium oxide mass ratio 0.04 and the cooking 
temperature at 450 **. In this way, the water extraction chlorine content was [ the BET specific 
surface area / 900 mass ppm and the total chlorine content of the obtained titanium oxide of 65m 2 /g 
and rutile content ] 1,100 mass ppm 3%. It is a water extraction chlorine content to a formula (1). 900 
mass ppm, total chlorine content The rate of surface chlorine computed by substituting 1,100 mass 
ppm was higher than 80%, and the total chlorine content showed the numerical value smaller than the 



value computed by substituting specific surface area 2 [ of 65 m ]/g for a formula (2). The diameter 
D90 of 90% accumulation mass particle size distribution in the particle size distribution measured by 
the laser diffraction type particle-size-distribution measuring method of this powder was 1.9 
micrometers. The rate of rutile-izing, a BET specific surface area, a total chlorine content, the rate of 
surface chlorine, D90 and Fe, aluminum, Si, and the analysis result of S are shown in Table 1. 
[0049]The titanium tetrachloride dilution gas which diluted gaseous titanium tetrachloride of example 
3:4.7Nm 3 /hr with the nitrogen gas of 36~Nm 3 /hr is preheated at 1,000 **, The oxidizing gas which 
mixed the air of 36-Nm 3 /hr and the steam of 25-Nm 3 /hr was preheated at 1,000 **, and these 
material gas was introduced into the reactor made from silica glass. As it had been 0.02 second about 
the not less than 800 ** elevated-temperature holding time below 1,100 **, finely-divided-titanium- 
oxide powder was caught with the bag filter made from polytetrafluoroethylene after introducing 
cooling air into a coil. 

[0050]The obtained titanium oxide was put into the hot wind circulation heating furnace, and the 
dechlorination was carried out to water with the titanium oxide mass ratio 0.06 and the cooking 
temperature at 350 **. In this way, water extraction chlorine content was [ the BET specific surface 
area / 1,800 mass ppm and the total chlorine content of the obtained titanium oxide of 97m /g and 
rutile content ] 2,000 mass ppm 1%, It is a water extraction chlorine content to a formula (1). 1,800 
mass ppm, total chlorine content The rate of surface chlorine computed by substituting 2,000 mass 
ppm was higher than 80%, and total chlorine content showed the numerical value smaller than the 
value computed by substituting specific surface area 2 [ of 97 m ]/g for a formula (2). The diameter 
D90 of 90% accumulation mass particle size distribution in the particle size distribution measured by 
the laser diffraction type particle-size-distribution measuring method of this powder was 2.2 
micrometers. The rate of rutile-izing, a BET specific surface area, a total chlorine content, the rate of 
surface chlorine, D90 and Fe, aluminum, Si, and the analysis result of S are shown in Table 1. 
[0051 ]The titanium tetrachloride dilution gas which diluted gaseous titanium tetrachloride of 
comparative example 1:11.8Nm 3 /hr with the nitrogen gas of 8-Nm 3 /hr is preheated at 900 **, The 
oxidizing gas which mixed oxygen of 8-Nm 3 /hr and a 32-Nm 3 /hr steam was preheated at 800 **, and 
these material gas was introduced into the reactor made from silica glass. As it had been 0,2 second 
about the not less than 800 ** elevated-temperature holding time below 1,100 **, finely-divided- 
titanium-oxide powder powder was caught with the bag filter made from polytetrafluoroethylene after 
introducing cooling air into a coiL 

[0052]The dechlorination of the obtained titanium oxide was carried out to through and water in the 
cylindrical shape revolving heating furnace with the titanium oxide mass ratio 0.02 and the cooking 
temperature at 450 **. In this way, the water extraction chlorine content was [ the BET specific 

surface area / 300 mass ppm and the total chlorine content of the obtained titanium oxide of 19m 2 /g 
and a rutile content ratio ] 300 mass ppm 1 1%. It is water extraction chlorine content to a formula (1). 
300 mass ppm, total chlorine content The rate of surface chlorine computed by substituting 300 
mass ppm was higher than 80%, and total chlorine content showed the numerical value smaller than 
the value computed by substituting specific surface area 2 [ of 19 m ]/g for a formula (2). The 
diameter D90 of 90% accumulation mass particle size distribution in the particle size distribution 
measured by the laser diffraction type particle-size-distribution measuring method of this powder 
was 0.8 micrometer. The rate of rutile-izing, a BET specific surface area, a total chlorine content, the 
rate of surface chlorine, D90 and Fe, aluminum, Si, and the analysis result of S are shown in Table 1. 
[0053]The titanium tetrachloride dilution gas which diluted gaseous titanium tetrachloride of 
comparative example 2:4.7Nm 3 /hr with the nitrogen gas of 36-Nm 3 /hr is preheated at 800 **, The 
oxidizing gas which mixed the air of 36-Nm 3 /hr and the steam of 25-Nm 3 /hr was preheated at 800 
**, and these material gas was introduced into the reactor made from silica glass. This coil 
temperature was controlled at 750 **, and finely-divided-titanium-oxide powder was caught with the 
bag filter made from polytetrafluoroethylene after introducing cooiing air into a coil so that material 
gas might be stagnated for 0.08 second. 

[0054]The obtained titanium oxide was put into the hot wind circulation heating furnace, and the 
dechlorination was carried out to water with the titanium oxide mass ratio 0.04 and the cooking 
temperature at 350 **. In this way, water extraction chlorine content was [ the BET specific surface 



area / 2,800 mass ppm and the total chlorine content of the obtained titanium oxide of 74m /g and 
rutile content ] 3,900 mass ppm 2%. It is a water extraction chlorine content to a formula (1). 2,800 
mass ppm, total chlorine content The rate of surface chlorine computed by substituting 3,900 mass 
ppm was lower than 80%, and total chlorine content showed the bigger numerical value than the value 
computed by substituting specific surface area 2 [ of 74 m ]/g for a formula (2). The diameter D90 of 
90% accumulation mass particle size distribution in the particle size distribution measured by the 
laser diffraction type particle-size-distribution measuring method of this powder was 3.6 
micrometers. The rate of rutile-izing, a BET specific surface area, a total chlorine content the rate of 
surface chlorine, D90 and Fe, aluminum, Si, and the analysis result of S are shown in Table 1. 
[0055]The titanium tetrachloride dilution gas which diluted gaseous titanium tetrachloride of 
comparative example 3:5.9Nm 3 /hr with the nitrogen gas of 30-Nm 3 /hr is preheated at 1,100 **, The 
oxidizing gas which mixed oxygen of 4-Nm 3 /hr and the steam of 16HMmVhr was preheated at 1,100 
**, and these material gas was introduced into the reactor made from silica glass. This coil 
temperature was controlled at 1,200 **, and finely-divided-titaniunrv-oxide powder was caught with 
the bag filter made from polytetrafluoroethylene after introducing cooling air into a coil so that 
material gas might be stagnated for 0.04 second. 

[0056]The obtained titanium oxide was put into the hot wind circulation heating furnace, and the 
dechlorination was carried out to water with the titanium oxide mass ratio 0.06 and the cooking 
temperature at 450 **. In this way, the water extraction chlorine content was [ the BET specific 
surface area / 1,200 mass ppm and the total chlorine content of the obtained titanium oxide of 
44m 2 /g and rutile content ] 1,300 mass ppm 12%. It is a water extraction chlorine content to a 
formula (1). 1,200 mass ppm, total chlorine content The rate of surface chlorine computed by 
substituting 1,300 mass ppm was higher than 80%, and total chlorine content showed the numerical 

value smaller than the value computed by substituting specific surface area 2 [ of 44 m ]/gfor a 
formula (2). The diameter D90 of 90% accumulation mass particle size distribution in the particle size 
distribution measured by the laser diffraction type particle-size-distribution measuring method of this 
powder was 1.2 micrometers. The rate of rutile-izing, a BET specific surface area, a total chlorine 
content, the rate of surface chlorine, D90 and Fe, aluminum, Si, and the analysis result of S are 
shown in Table 1. 

Comparative example 4: Pure water washed the precipitate obtained by boiling a commercial titanyl 
sulfate solution (the Kanto Kagaku make, the 1st class of reagent), and hydrous titanium oxide was 
obtained. In order to remove residual sulfuric acid of this hydrous titanium oxide, pure water was 
added and it was considered as the slurry, and the aqueous ammonia solution was added, the pH to 5 
was adjusted, stirring this, and it stirred for 12 hours. Then, hydrous titanium oxide concentration was 
condensed to 20 mass % by ultrafiltration membrane, filtering by ultrafiltration membrane, adjusting 
the pH to 5 and adding [ add an aqueous ammonia solution to a concentrate again, ] pure water after 
12-hour stirring — a titania — sol was obtained, the obtained titania — sol was dried at 300 ** for 2 
hours, and ultrafine particle titanium oxide by a liquid phase process was obtained. The BET specific 

surface areas of the obtained titanium oxide were 212m 2 /g and 1% of rutile content. Both the water 
extraction chlorine content and the total chlorine content were 0 mass ppm. When this titanium oxide 
was cracked with the mortar and particle size distribution was measured by the laser diffraction type 
particle-size-distribution measuring method, the 90% accumulation mass particle size D90 was 26.1 
micrometers. The rate of rutile-izing, a BET specific surface area, a total chlorine content, the rate of 
surface chlorine, D90 and Fe, aluminum, Si, and the analysis result of S are shown in Table 1. 
[0057] 
[Table 1] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing IjThe relation between the halogen content of finely divided titanium oxide and a BET 
specific surface area is shown. 
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[Drawing 1] 
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1 TIM 4 mfEiMfk^ * y 0 

[M*^9] $Hk*#>^ tf-lEfflfSSfi^f 
W-fcJ:orWiE*nS2. 5pm£CF©9 0%fgtmfi 30 

nm^mwi, at#a i tim 8 wf i ate 

T*&9, flj8B^py>tf**TfcS»#a 1 7iM9©V 
1*n*» 1 amffi«©IMt*-* 

©JSjf 7^ 8 0 0 *CW± 1 , 10 0 1C*SSST?3& 5 C t 40 

[H#a l 2 ] /Nayyffcf-* vfc^trtfx&tfltft: 
tttfXtf, SfCfifl-? 8 0 0 TW± 1 , 10 0 °C*?i© 

ffl«o»e^fra^ o . i mxT-e&zmm 1 1 miee 
xtf, *ti^n» 6 0 0 tcw±, i , ioo °c*iS 



2003-327432 

2 

t^fgtt^^ 0 . 1-20 tJl/Om&'CM&LttM&fi 

T?2&3e: 1 1 7!»M l 4©tvfft*» 

1 amfl5*©M{fc** y©ll3t*i£. 

1 6 ] g&fkfttfXtf, IflfitfX 1 ^ 7WC*f 
U zkS&CO. 1 *fr&±%$tsmw& l 5 KIE*©» 

T-*5gs*« 1 1 as 1 6 ©^-r n*> 1 QililGffiOtttt 

myowmm* 

m-tm 1 8 ] gft$$ 1 1 T^M 1 7 ©t^-f 1 am 
lascoSig^x^ii^n/c^k^^y^^TvNP^ 

tmmt?mit?*y<Dwmj3m 0 
c»*ai9] &3$,'?wfyz®z?zj3mi3\ m 

K&x*hmimi sicffi®.<DWtiti-?y<Dgffift&, 

^^^t§^X^2 0 0~l 0 0 0°CmM&U & 
{k^V^M2€£^Bf7&5££?££i«5l<ai 8 

[»#a 2 1 ] *3K*sairr s # xa\ 

0. 1 s*%JM±^o3?5i;T?a&«w*a2 om8B«©» 

{t??y<o®mi;mo 

0. 0 iw±i?fc5f&38a2 omiEK©S?{k9^y©^ 

[ii*a 2 3 ] at$a 1 1 t^m 1 7 ©v ^ftfr 1 am 

ft t TSKftf-^ y©«Bft*fe, 

nm^iitS7Ji6-esstt*a2 3m«B«o»ftf-^> 

CSI*a2 5] S^7vnD^>^^T5^S*\ 7N 

i rcti2 4mtBiEo®fk^^vtoMjs^ffio 
[»*a2 6] aa-e^pyy*«asf *^fj*««» ^ 
py>o^iisisaaaii-pfT5^Ta5s»*a2 3S 

[ffl*a2 7] SST/NPyy^BSsS'TS*}**^ ^ 
P y y <OfiM% 7 4 )V $ - ~f U X "Cff a £i£ T 5 * 5 W# 

m3£rc&2 4K$3momit?9y<o®mij& 0 
[t*jfca 2 s ] 1 1 7irs 2 7 ©^-fn^ i am 

[»*a 2 9 ] BS^a 1 1 T^M 2 7 ©v^-rn^ 1 am 
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mim 3 o ] n i i tim 2 7 ov^-rn^ i jsk 

[tt#8 3 1 ] 1 1 2 7 <wr 1 Sl£ 

[11*31 3 2 ] 1 1 7^312 7 ©^1*tlfr 1 MIC 

Cfflf** 3 3 ] St*® 1 1 ftS 2 7 vfftfr 1 «(C 

[n*^ 3 4 ] 1 1 2 7 0^1* i at 

[H5M3 5] ;VmW5%ttT, BET-£ 

mz-mfeLrcimmmff io~zoom ! /g, tf 
-B!ffStt«#wti-e ±-3 TSj^sns 9 o 

2 . 5 ft mwrvmti-z y%L=??& t> , 
so, b e T-jjsafc-^i^bftWtf-^^oifcSaiSi* 
b (mVg) , mitrzvm-ftmw'fy^Mm 

*Ci (Stfippm) fcLfcfc*, ftttmt^ZtlZ 
^nfyitfO^C,i6 50 ke™ (kliO. 2 

o) *3*sft*efc««*fc'r*«fc**y*B 1 . 

[3Hf3R«3 6] 1 0<C,S6 5 0 ke° SZ8 (kti 
0. 15) ■e^^nsfiO^nyysiS^rtSPK'&trSS 

[00 0 1] 

x*mbtt*x-c*iMHfct 3 c fctc^fc off e>ns§tfa 

ftAnyytoKt^f, fro, 4}-ft14ofiv^ffi;l/f- 

;vm<D&/\u?y®miL?M<ki- z yj&tf? commute 

KIM"*. 
[0002] 

IHIJg (J I S) fctt-ttfbf^yfcSBKaftiTfe!)* 

im*T'imiti-?ymm%) » tft, sg{b^> 
[0003] wtf-^>'ois*a!ii:itA/f-/i/a, r-f * 
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D fe3Wt«fl:¥iESttft:»ri* 7* tfM^l/ -y A Y 

[0004] m<t?*y<Dmmmimm2'(>w * 

§ 0 g^b^Mi^^MU *OrtfflJK*?tiE 

10 w&Lrcfimmzfmfiz^TkKjmtz c r#*y- 

XA~>-, 143-145H (1 9 9 7) ) o f^fr^ fttt 

fc, SHb^*:^ffifciBLfr2JilLW^C 

ffi£. C«0 i'-xA^-, 29-30H 
(1 9 9 8)) fctt, Jtttatf^ffl^^t^^yfcL 

20 StlTV^o 

[0 0 0 5] JWWftfc LTOJ&JHtt, 199l£tcn 

-if y 7 i^^o y u v y x;i/ 5 * y t ;Vr 
brim, m%t> i m$)zn~c^z> (M. G r a e z e 

1, Nature, 3 5 3, 7 3 7, (1 99 1)). 

®B%mt??y<Dmghmi:LTte, ea^tf, wbhfi 

0-2 5 5 86 3^1 v IStti7-f tf^ffl^tlTfe 
tiN 2 00 0-3 4 0 2 6 9#&fBfCti7^ 

40 -y a-r h tffiXiM3M«fitfiFX7%« c fc mm 

[0 0 0 6] SSfk^^^fi^li©^^®*^©^ 

m£i$^T&fflL&<Dm^miti-2yim*ft&uc<. 
^rab, mkm^^^wc^^yim^ %n 

g#t3Ms*SMt£-&3 0 -jfttc, ^SStSL (RBK*) tt* 

wmwmfo i / 2 arc* § t *«*ca o , & 

50 SftVh*<45fcrtftafea45i:v^nT^S c nt 



(4) 

5 

\t?*y\ Mifm mm m> , p. 1 2 9, (1 
99 1) ) o trmo^mzmm'snmiti-^yco-M 

®.?mm~&i- n mX&% C fctf£^fcl&#1R1ttf a 
< Jlfclftgo^fr^ftfk^* yB3K»ajWft* sac 

[0007] w±oa*^6±iH^»-ettx mitm> 

So -irk, 1 &tt?@fct, wflUcsnTv 10 

ns 0 

[0008] m<t*?y%fflm. *.mmmvm?%> 
<DMmt^mim<®z-&mtp&& a tfc, Fe, a 

U Si, S#fcffi<«lA;fc#ff&i\, MAS, ftftf" 
SPOAK S^tO^^-r^Sfcft^Bi^UTU 20 
[0 0 0 9] »ft^-*y«)»)fi^j£tt, ^C»UL Traffic 

^^^^^^^r^^-r^^i^^. Any 

y\t** y-^wm^^tim^Mnmt^x 

*J af«3tANS«E, 7->*'fV->XfA, 3881, 
(1 9 9 0) 0 C©«fbf-*>*ft»««PKWf5»& 

[0010] 3WBffitcj:31Mt?-*y{i, ft 

3 0 40 
[0 0 1 l] ^ffli£^Btffc^*y£«!l^##5W* 
m < & »3 , MAtf , WH¥ 6-340423 

a, mmitf- $ v&j&wk. TtiHTkftM imtf- *y* 
y*»*sffi^BB3Ssnros 0 #r^¥7-3 1 6 5 3 
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4 0 n mta, 1 5 0 n m WTOHSfiHa^Kfk^^ 

«eK?T?(4a&s*vi/^^**o*vMWt^* v bail 

[0 0 12] Stfflj£T?rt^-W±fflO»fi:f-^y* 
SaSfS*i*tt, 0>JA(f» WHW3-2 5 2 3 1 5^ 

fil&O. 5-0. -PlcWft 
[0 0 13] Mnyyft^^y^M^i:1"5SvfflffiT^ 

J; 5 ^ a y VTWesR * 5 C fcff^Vo 

»ffc?"*V0ffi**fl:i£tt, 09*. tf, «fM¥l 0-25 
1 0 2 HWMWcPiSStiT^So c<D#£fi, BMtf- 

nfcffi«SftT^smfc*-*:'©^;l'«Wi l 5% 
[0 0 14] zWJWKJ:*JR/\D^^ttWkf- 

W^uVyifnWL^t^t^Sffimtf&ofco 
[0 0 15] Zftt><0£5Kffi&<D%Bffi<:35^X, f\ 

u vy^mm^i&vi-mtDmmsLTMikf-zyte 

[«pffS3K 1 ] 1 0-2 5 5 8 6 S^MHI 

[#I¥A^2] »M2 00 0-3 4 02 6 9^&« 
[^FffFAlK 3 ] *?H!¥ 6-3 4 0 4 2 3 
[«fffF^IIK43 ^¥7-3 1 6 5 3 6^18 
[«fBfAlllC5] 1 0-2 5 1 0 2 1 

aSfflJfttil^*. Ctt) ^-XA^-, 143-145H 
(1 9 9 7) 

GMSWSHm rsjffcf-^yjfcJttjiO'r^Tj (ffi* 
ftt, j$«HS S*, (MO ^-xA->~, 29-30H 
(1 9 9 8)) 

Wft&$ffi3l M. Graezel, Nature, 
3 5 3,7 3 7, (1 9 9 1) 

[^#^^4] miti-zyi mmmw, 
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OHO , p. 1 2 9. (1 9 9 1) 

m.m> • t^/^ta, 38sh. (1990) 

[0 0 16] 

[0 0 17] 10 

tu fro, /Nnys^raofivfi/i/^i^cjBffiite^ 
[0018] *5s^t±, t\u?y{ti-zy->£%m%i5 

ft. J8^nyyT£<:fcfc:J:9#e>n^ 20 

5%WT<E>lMfc?-*V"i?&oT, fro, S^BETtt 

[0019] tr^^mmt, \x*mffi*%t$ 0 

;l^*«t5%filT^ fro, BET-j£tMIJ£L7c 

Wb**>0Jfc*iii«*B CmVg) s »{b**y<D 

C^6 5 0 e 0<ffi8 30 
■tfwStu So, lgS%©7k!S}B?fti:Lfci$f<:, ^co 

(2) wt^yc^snTv^ft/NoyyacQOKS 
mitrzy, 

(3) Mtmytf, Fe, AU siatfso^s* 
^^n^n 1 0 0S»p pmWT^tr±IH ( l ) %fc& 
(2) CEIWWWb^^y. 40 

(4) gKb^yfr, 1 0-2 0 0mVgOJt3gffi« 

&&o±fE (1) ~ (3) £IH«0ilfb?-*yo 

(5) »fb*-*y©±ffl*\ rt^-Hf-ea5S±«3 

( 1 ) ~ ( 4 ) ©Vvf ftfr 1 «KHE«0«^b^? y 0 
C6) I^b^y©^*— gfttW, 9 0%W±T? 

*5±E (5) {cfBiK©gMb^* y 0 

(7) Mit?2y<D£mt>\ 7)Wyft'fhZ*&&± 1 8& 

(1) ~ (4) <D^-rmpim^m<r>wtit^y B 

(8) K^^>£0^'y*>T h£*W9 0%JK±T* 

fes±ia (7) ©g?fb^y 0 50 
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(9) BMb*-*yfr, U~ tf-BtfSttJSKMfflH-fcio 
TMSSnS 2.5/1 mWT© 9 0 % jS»JtS«jg#*i 
g£8o, JtC (1) ~ (8) oi^-f nfr l 
»{b**v„ 

(i o) mfrWfyiti-zytfmMitmyz&o, 
fflK/\nyytfSHre**±e co ~ (9) o^-rn 

do /\u>fyit?-?yz<s&xzmim#zkz 
i-sswb^yosim 

(i 2) /Noyyffcf^yfc^trtf^&tfBftlfetfx 

fr\ OTEftT* 8 0 0 °CW± 1 , 10 0 °C*)S©TfiJi© 

it**y<D$mfim* 

(l 3) Wfyit?*yfr£ts$7>Rtfmit'&13X 

fy\ wen, 6ootw±, i. ioo°c*}s^^ 
snTJErta8t«A*ti*±B (i i) *fctt (i 2) 

£«B«©»fb?*V©«36£ffio 
(l 4) K)Sfr\ /Npy>fkf-*^l^I/KWL^iStt 
^xo. i~2 ot/l^SJfc^SfcLfeKPtff*^ ^ 
pyyfk^^y 1 */Wc*fL l-SOt/l^SUbffitfX 
tT?fTtetl5±IB (1 1) - (1 3) ©Vvf jifr i qft; 

tB8c©^bf-*y©m^ 

4:%«f«f:f 5±i3 (l l) ~ (l 4) ©v^n^igj 
fcEHciMb^* y©Siim 
(16) SfbtttfXtf, l 

o. i *>m±%nft±.m (is) jctEit©&{b^*y 
(i 7) MfE^nyyfb^yfrramfb^y-efe^ 

IE (l l) - (l 6) ©i^-ftifr 1 «fc:!Hfc<0iM;^# 
(1 8) ±IE (1 1) ~ (1 7) ©vvf ftfr 1 BICE* 

(i 9) mx^uyy-mttz-mw* mt+zy 

£200-500 X.\Zftmt%> CtlZHO fftt&Ttlb 
SJJ3 (18) CIBUOKfk^^voBattrtS. 
(2 0) KSTAnyy^BSsSr*^^ 
WT5J!fX*2 0 0~l ooo°cn:JniiiU miti'Zy 
tmm#%tfZft%o1i&'C-&%±.m (1 8) tfEDc 

(DWt^zymwsmo 

(2 1) TWMHKft^r*^^ *^*o. imm 
%w±^t?sa?*s±is (20) ftfE^^b^^y 

(2 2) Mft^^VKMLKfiltTf 0. 0 l 

w±t»ss±se (20) icBa©mt^*y©iUB* 



(23) ±13 (i i) ~ (17) cDv^n^ i mmm 
(2 4) max wfy*®&t w&zy 

*7kK»»S^ WMicm'iLfc^uyy^MK^m 
f 5#i£-efcS±fE (2 3) fcffi«0SMfc**>©HSS 

(25) m^?^v>fy*ffi£?&ii&t>\ >suvy<r> io 

^K*RBW5aSJ8l?fT3^J*T?365±E (2 3) Sftti 
(2 4) C1EiW)Wfcf-#yoWft«6a 
(2 6) SST7^nyv*l»S-r«^iS*\ ivafyv 

4Mi*a»iMrT?ff5Stt'P*«±E (2 3) ffcti 

(2 4) tCffittOSIft^^^CSJfim 

(27) K-p^pyyftBte-rsjSftt**, ^ny^o 

7»£7^*-yUXTir57ar£T"fe§±fB (2 3) 
£fct± (2 4) tc£«0lMb**;'<E>SMS£ft> 
(2 8) ±12 (1 1) ~ (2 7) ov^-rn^ 1 «tCE« 

®mmfim~eMm2ftrcM{t?*y%%{sctmmt 20 

(2 9) ±12 (1 1) ~ (2 7) OV^tl*M«{Cffitg 

mmm?mmntzw{k^5y*<s;ts£tzftmt 

tSX7'J-o 

(30) ±ib (1 1) ~ (27) 0^1* n*M ^tiaaffi 

(3 1 ) ±e (1 1) ~ (2 7) o^-rn^ 1 mcmm 

T3fttt«*ffl. 30 
(3 2) ±12 (1 1) ~ (2 7) OV^n^ 1 

( 3 3) ±12 ( 1 1 ) ~ ( 2 7 ) o^f n*^ 1 mztm 
toms^m^m&atiitmt^iiy^tsc tximt * 

R=WC L/TCLX 10 0 • • • 
(Sf, Rt±Sffi£JH3s (%) ^iu WCLtiBMfc* 

^>E^*n5*»wffi*©^« (11%) 

TCLlifMbf-^fc^SftS^**®^* (KS 
%) fcgfo ) ?«£ft5R©ffitfftwaHKft? L *>' 40 

tf%Mit?-$yte~D^T, Rti8 0%£(±T?&5i:i:# 
JEFSL<, Ht»SL<t*9 0%W±l?a&§o 
[0 0 2 1] *aW©B9fi<b^^>*«fit1"5«*iffi 

_ ^ ^ _ 0.02* 

C^6 5 OXe 
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(3 4) ±|E ( 1 1 ) ~ (2 7) Wftlfr 1 EKE* 

tzyv^-y^mmi 
(35) *fjt^fiW5»KT, b e T-&mx*m%. 
l r^mmm 10-200 mVg, u— tf-@#f^ 
Jtea^«Ttfm«fe o riB!i3£* n§ 9 0 %xMraut#ft 

gtf 2 . 5 /i m'WTOSf tf - * "Pfe 9 , *^ b 

/g) , mti-?yik=f-ft®<»wfy%mzc 



^ry*^0<Ci<6 5 Oke 



(k(iO. 2 0) T* 



(36) 1 0<C, S6 5 0 k e ooa (kfiO. 15) 
T'^^nSlO^p^y^g^rtgp^^^fB (3 5) 

tcmm<DMit??ym?c 

[0 0 2 0] 

wfyfc+zytLX^ xm®KX¥L%^mt? 
?rtSPOiftlE^W*K:ov'>Tti, Wt9% yfr 6#67j<T* 

tt^tc&sna^Ja* (£«*£**«) ©as**** 

kUHd) 



(i) 



|gi&c*f^stf-fi«* (Hbiiist^o ) 

fr6#tfiLfd#P (=1 OOXHr/ (Hr+Ha+H 
b) £v^ 0 ) tf5%WT©ffl**ft : ?l*fb**> (« 

t, m*)m<Dmm&^m\ti-$ymm?z>z.hft 

■&tcj;oT«ifiJS^X@OHuTt, TIB-US^ (2) : 



(2) 



/g) ^Sb, f cDSEHti 1 0-2 0 OmVgT* 



(7) 

11 

[0022] trsh%, ^mi&^mommm^ 
mt*$yit, m i ew^tjjbhhss (2) <om--%. 

t£MfflSK«fcSii»&?iSfb**M;L ffi^f-^SBt 
fc^yefcoTt,, B E TJ£S®ffli:£ffi*£*fMi: 
<Di8^^*5^T0HC^bfcC = 6 5 0 X e°° 2a 

[0 0 2 3] *WB©ff*^3a»fc*'*>ii, 
^IfcBETltaplSiiOffl&tfHRiS (2) 
j«fiU 898?H^T, Iff, BETitaSffifcoffi 
Hfi 1 0-2 0 OmVg. WtL<(i4 0~2 00m 2 
/g, JgfdGF*L<t±4 5-1 2 OmVgOKiH*^ 

[0 0 2 4] aBBWOtoPf-^SiOiaWK^b 20 
^*>{±, Fe, AU Si, SO^TStf&lOOSt 
fippmMT, $?£L<tt*0. l~100K»pp 
m, JcO^SlXfi&O. 1-5 0«*p pm, JgCjff 
$L<tt£0. 1-1 0®*p pmT?feS 0 cn&w 
»Sfi£0. l ppm*88tct§fc«x Mitzh$y% 

lHttp pm*SSi:L&v^li8IWfc^JT?*5 0 

[0 0 2 5] #l§i|H0ffi;l/^>US3*fk^*yte4Hftfttf 30 

?-^J Ill^f, -jV'Tt/VTsTK p9 
3, (1 9 9 0) KiSfc, itP$l£> fttSfSL 

[0 0 2 6] BMtf-^O. 0 5gKW*5 0mlStf 
1 0 $ U >»V-^3jc»jR 1 0 0 ft 1 £fiP* 

ft^7U-{C, 3^iM»(4 6KHz, 65 
W) f5o C<0X5U-*U^"»f-lH!SfSf4Jft^»JS 
SB C OHO ftJ*fflfft?TS! S A L D-2 0 0 0 J ) £fr 
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5 0 %mmmmttmmmftWt&<Dn®t?% ctt> 

*L<ftV> 0 ^^Ojaffltte^tf-^^ti, D90tf 

[0027] ^^loiiSfWit^ryii, 

[0028] ^muiji^jiKo^TiKW'rSo mtiffit 
{t^*y*mk*rc&7mm<om\m?f7,*m^T. 

[0 0 2 9] jlttfflfeeftt^TiWDtt^Wt^*^** 
5*frv\ KfflWSlSiBfcffia^tSiifcfcJ:^ ffi 

[0030] -irk, mmt**y*wmt?%%im 
?i$t>nz>WLit?-5yia&. mn, 0. i~2jss%co 

(± s jHXVJffiftTO&jOtf 1 3 IS/ n m h D CMkE 

#sf4ffli^±, ts (3) -p^sn*. 

Y = 0. 0 7 7 x A • • • • (3) 
CK*%) A&ttMS (mVg) ^ 

to ) 

0J*.tf, l 0 0mVgOtk*ffiSM*Wt5»ftf'*>' 

tt^BKarrsaBR^itt, Hufssc (3) tctn 

[0 0 3 1] SB5(i, EJS-aWfcWfcflbratfWft-r 

ct-^Tiis^iT^sitscittcj; 1 ?, m&*yw& 
m^mimm^ (3) T^5ti5fSJ; , 5tgTf£<'S: 

mt^zyvmm&tTd&tt-f, -»3WiBWb*n 

Sfctt^rtgpoffiiRSSitfJftiifcKtaSftii), 
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[0 0 3 2] *f§0^T-t±^ 0ftftf-*v*^tr^t» 
fb13L#Xi:££JE CffiSUMt) TSCfcEJiOiMtf-* 
SfltfflffiCfet^T, GOOCfiLhl. 100 

OtJiU: 1,10 O-C^jitiltofiLf^tS^X^n 

8 0 0 icjw_k i , ioo TC**to*fiS*tt? 0 . 1 © 
WTOWmiv SJiSeP , iEJ»es-&*iii:EJ:t», BET 10 

[0 0 3 3] 0£{tf-*i'£W#X*5Wi»fk1£#X 
ATSSfStfrtOfigtf 8 0 OtW l , 1 0 0°C 
*8W»*L<s Mte0?£L<(±9OO , CW±l. 00 

$tU fro, S/S (CVD) */->*/h*<«Ct«« 30 

t?*5 0 K^tfiSfifrSOO^Dfgv^ 7i-$- 

tf^u-ewtf-* vtt^rtSfcaaw^r So mis 

tfltS&fr 1.10 0TW±fcft*fc;^MKIlwf«? 
[0 0 3 4] Kfi#*#EfJ«fc*ASft5Ji&fr 
i , i o 0 , c*j8ASSj6v fP -y«'SS1-5o SHSW 

?tt£A,HA,j»*u fro, iwfflaM^eiB&i/r 40 

L£ 9 0 *^(C*3^T(*8 0 0"CW±1, l 

oo^WOSSifS^raso. i#OT> i?£b<« 

0. 0 0 5-0. \fk mztff%L<i$0. 0 1-0. 
0 5S>cD»BHfi:-r5o *jS*ff«*IB#o. i#8rjB*.$ 

&tmmmtittc~Dft&&o 50 
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[0 0 3 5] f^<D¥ISt LT(±s W*.fcf, Kj£iI£«F 

[0 0 3 6] mWftVU&Zmm 8 00 °CW± 1 . 1 

0. l ^WTfcWWrf *c fe;Uf-;Wt»RtflM»«; 
»IT£<lkfr-C**So 
[0 0 3 7] EiStrtOtaa^triIB8 0 OT&Lt 1 . 1 

0 icw± l . 10 0 ■CWTfcMSTS c i:fr# S U\, 
8 0 0°CW±^^0E<^o $fc, JseB#*ffi*fri ( 

[0038] mmt?-zy*^$swmi37M.m$, mu 

{t^^tfXlt/McttU =R£tt#X0. 1-20^ 
;i/t?SSCi:fr«!fSL<, 35(<:#$L<ti4~20* 

isb^i-<&srcfe, M&?iHb^yfrt#€.nE< 

v\, ^i£tt;tfXfrffiiB«ffl«fc!5t>*^*£\ £JS14frflS 
[0 0 3 9] Httft^>Jtd«rfi»^kJElfi*#* 

KsR^rxfttt, nwfc?*y\ *jvkml i ~3 ot/v 
afc**fin* ■& 5 «&*(±*s A, tfUftv^o &3t#x»fr3 0 

ftoKISflfr^3:ftT^Tfc^\ J Sfktt#X(i, Mx. 

[0 0 4 0] ^{t^^yOto^^iSMim, TkkSE 

ft, W"F^«) fro. o l W±(c&£=fc5KgEftf-*y 
^*{C7K^%igfiS$ti:^fr5.»ajS2 0 0°CJ£U:5 

^ft^^ y<DMMitl$ 0.04 to^fiSii 250 

°CW±4 5 0XWTT?*S. JTOf»S^fr5 0 OICfcjBI* 

^ggfr2 o ox^Tm^tm.Mm^mtmmm'r 



0) 
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*«Jfl|iJLoojB4ffi*ft*0«ft«)fctt7k4:»ft^^^<O 
H*ft&Mg-e£D, 7ktiKb ; ? L *>'<DgfiI:b^0. 0 

coo4i] wfo?*ytim*it&*M%&* mitt io 

ft 2 0 0°CW± 1,00 0 mT£M&LT*J< C fctf 
[0 0 4 2] ^WtCtSffi^^I/SffiffiiS^Mffc^^ 

fctfT?**. ffioT, #5P^ffi/]^SgflK&?gHb 
i-%y\U ±m<Dm<, /i/f-;i/a*W5%tt"R be 

t -mx-fflfeitcitmmtf 10-200 mVg, 
if-nHjT^^nffffccfcoTii^^ns 9 0 %s? 

»t>, fro, BET-£&?«Lft®fb^>©f£S 

ffla^B (mVg) , isfb^y^rtss©^^ 

frffSfcCi (Slppm) fcUftt*, fiffrtiSfcS' 
$n^^PyyS^OSC;S6 5 0 ke offiS (kfi 
0. 2 0) , jffSL<t±0<C 1 <6 5 0 k e°" M (k 40 
ttO. 2 0), J:DSfSL<fi l0<CiS6 5 0 ke 

1,0M (ktio. 1 5) x^n^'t^mmtt^. 

[0 0 4 3] 

[0 0 4 4] £MU : 1 1. SNmVhr (Ntifli 

%8Nm'/h rCD^H^XT'^Lfcra^t:^^^ 
«?^X*9 0 01CE^U 8NmVhrOlii:3 
2 N m V h r 7KilfMl=r LfcRfttttf 8 0 0 °C 50 
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ALfc, 8 0 0tW± 1,10 0°C*?iiDiSrM?§iiR#ra 

so. l&tasi^E^aiaftssjcfftcwAft, # 

[0045] f#e.nrc^{i:?^>SR^@lH^n^*p 
iciu 7ktmit?$y(Dnmtto. 0 2, M&sjg4 

SOtTPJifflKlf&Lfco *<D«U fie-ftfcSfft^Mi, 
BET ttW 22mVg, rt/f^l/Srff J£* 0l>* 

^w^tti^o ) *tttbia^wfi^9o 

OHMppnu ^fflWrtJatfl, OOOgippmT- 
&o7c 0 fiU BETMIttt, S?$S^S!tbg® 
^IteSg (Ill±7n-V-7 II, 2 3 0 0) 

hsi§i&E*fjs , ra^^ffis (HbtBg-r^o ) t7 

5 0 ) fr6*HJbfcJt¥ (= 1 0 0XH r / (H r+H 
a+Hb) ) T*&5 0 a (1) fc*ffitaffi*£*r* 9 
OOlippm, ^iitti 1, 00 0H*ppm 

*«x Lr»i±j*n«a®Si(i*fi 8 o %«t t> t» a? < > 

^«lR^fitt, S (2) fcjt£ffi»2 2m ! /g*tt 

[00 4 6] j£ft, CC-lf1ie»nft»ffcf : ^>'ll»*0*ft 

%SagJtfi[Jg^flJSD9 0*iffll£tfciR!f*, 1. lfi 
m-pfcofc. M-MOK BETtbaffl^, £ffl#£*T 
1> SffiJfiiH^ D 9 0, Rtf, Fe, A K Si, S 

[0 0 4 7] : 5. 9NmVhrOfX«0 

mt?$y*3 ONmVh rOajRtfXT?:ft«!Lft0 
fflffcf-^ytfURflXSl, OOOTCfc^WftU 4Nm 3 
/h r©S*i:l 6NmVh r Ozkli&fcigaLfcSS 
{fctt#**l. OOO'CtC^ISL, Ctl^OJR^X* 
S35jff9XiKlS»K#Atfc, 8 0 0°CW± 1.10 
0 o C7feH«SrM!®SH#PB5S0. 0 3^t*5*9^*P 

[0 0 4 8] H6nft»ft^^y*J»jaffiB|ilP^tX 

n, Jkiigft^^ysatbo. 04, Mfig4 5 0ic 
Ti«m^tfc, c5tri»snft»ftf-afy(i, bet 
V&mW$ 6 5 m V g , 3 %, TktttH 

ffiSR#Wa^9 0 0Sflppm, ^fiSR^Wfitf 1, 1 
OOilppmtSofto S (1) E7jc«lW**£fia 
9 0 0aMppm, 1, I0 0g»p 

< , 3« C 2 ) iCttfEffi® 6 5 m V g 



(10) 
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mwcmz 9 o %mmstiL&ftifi&D 9 oa i . 

#m SBS«** D90,Sff, Fe.Al. S 

u s o>#msMk*m i icmto 

[0 0 4 9] mmmZ : 4. 7NmVh r©^X^E3 
Sftf^y*3 6Nm'/h r(Dil^XT«Lfc0 
ttffc**ViffJK#X*l, OOOtCfiU 36Nm 
Vh r<DS£fc2 5NmVh r ©7j<^&JI£bfcBfc 

fbtt#x£i, oootEfiu «m5oJs#4^x* 

5^^f7X^SJSSg^^At/co 8 0 OTCW-t 1. 10 10 
[0 0 5 0] f#6ftfe»ft^*>5&fftJilflSHilPj»PKA 

n, zk i: »{t?-* >«sj± o.o6, amms. 3 5 o °c 

1?»i«E*Lfto c3L"at5ftfeiMfc**>t±, BET 

Jt£ffiSW9 7mVg, /^;l^fWi%, 7ktttfi 
ffiifHtff W 1 . 8 0 OHl p p m, Ml^W 
2, OOOglppmt'^fto 3 CD tofctettJJg* 20 
^fffi 1. SOOSIppm, 2, 0 

0 0Hfippm%ft\LT!lffl£n3£®ffi3tf*tt8 0 

%iHi<s £fi*a*r*Ji, s (2) tcimmm 

*bfc, CO*»*OU-1f-|ElllfS!B£a5J-flJiB!JSffi(CT 

M£Lfett*»*fc*tt* 9 o %mmnmftmtim 

9 0»2. Zjnn-e*oft,/I/f;WIA BETitSl 
St. ^URdWl. *IJ«*** D9 0. Rtf, Fe, 
A K Si, S ®WlfiB££it 1 fc7f& a 
[0 0 5 1] JtKMl : 1 1 . 8NmVh rO^tt 30 

iSfc^>^S?#X£9 0 0°CtC^U 8NmVh 

r <ommt 3 2 NmVh r 7mn.%u-&Lrcmitm 

t>fc. 8 0 0 °CJ^± 1 , 10 0 °C5fcffi<D 

[0 0 5 2] ®bnrc.m<t i ?zy*Rnj&m$Zj£,httf&fp 

CffiU zkfcttfl^yMSttO. 0 2. M&I&4 5 40 

e t tbsanw 1 9 m V g , wtemvaw 1 1 

%, *ffiHifflltetffitf3 0 0KSppnu 

tft^OOHtppm-PSofto S (1) K7j<fflttiSSR 
30 0lippm, £ffi^rff* 3 0 0 M.M 
p pm*f«XT*fflSft«gffiffilR*(i 8 0 %=fc D t> 

*<, ±mm^mn, a (2) ^ttas^ 1 9m'/ 

<: om^o i/— ff-isisf SteS^flJiiJ^K rate Lfc 
gg^fcfe^ §90 %mmnm%mftftm d 9 0 a 50 
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0. 8/im-T-feofta 7l/^;Mt^ BETifcSffiflU *£: 
JH^TS, Sfflffi**, D 9 0, RO\ Fe, A K 
S i , S ©MfiBS** 1 t*1"<. 

[0 0 5 3] J£t£0«2 : 4. 7NmVhrC^0 
fflfb^>S3 6 NmVh r0S*#XTWRLfc0 
ffiftf-^y#S?^XS8 0 0lCC^JI6U 3 6NmV 
h r OS^t 2 5 N m 3 / h r ©*&$i*ig£ LfciMfc 

tt#x£8 0 oicic^u cn&©WlsMfx*££# 
»u js*wx*o. 0 8W®-r««j;atc^ais^ 

[0054] mznrcMit?$y*mmmmi}mtpicx 
n, TkfcKftf-^yKSJto. 04, Mfig3 5o°c 
?«HLfc 0 c^LTi#e.nft»^f-#>(±, bet 

tfc&®«#7 4mVg, /Wi/£rtr*#2%, 7k»tB 
Sf^W^tf 2 , SOOSippm, ±HHS^r*ff 
3, 9 0 0iippmffeof;„ £ (1) fczkfflHJffl* 
#*ffi 2, 8 0 0H*ppm, ^ttjfr&Wl 3, 9 

o ostip pm^ixxLxnmh^mmmmmts o 

%*!)fcffi<* S (2) JCJ±*ffitt7 

4mVg*ttAbT*WSnSffi<fc9fc*t&»fiI£ 

ifflSLfcftftStf&Kfcttfc 9 0 %JRa«M«[fi^SD 
9 0ti3. 6 /tmT?&^fe 0 /l^JWWk BETtfcS® 
«, £ffiSR#frS, Sfittft* D9 0, Rtf, Fe, 
A 1 , Si, S OftffiiHMRfc^ 1 fc^to 
[0 0 5 5] fcfc«M3 : 5. 9Nm'/hrO^tt0 
ififfc^ * 3 0 N m 3 / h r ©^^Xt?#)K b ftH 
ffi<b^*>ft!lR^X*l, lOO^Ct^U 4Nm 3 
/hrOtlt 1 6NmVh r©7kjSS»*S^bft» 
fbtt^X^l, 1 OOTCK^i&U CtlbVW&fiX* 
SS^^SK*S»£»XLft. KEISWlJt*l. 2 
0 0°CW1U H^77X^0. O4!0>j«fflT5J:5K 
»aiS«*S*Stffc#A», ^'Jfh77Moxfb 
>«7^7 -f ;V*-fcT«IW[?«aWfc^*>tt5l5*lil 

[0056] mfttcm<t?*y*mmmtomFKX 
TktBSft^^^Sfiito. oe, mmimtsox 

TM^bfto CobTlS^nfcggft^^^ BET 
£t*ffiK3^4 4mVg, /Vf/l/^Wl 2%, ?J<tt 
m**^Wfi^ 1 . 2 0 0iippm, ^***WS^ 

1. 3 o os«p pm^feofco s (i) ^rn&im 

1, 2 0 0S«p pm, ^ffisR*#* 1, 3 
0 0K*p pm*ft^bT£WSn5£ffitt**l±8 0 
%iDt^<, ^ffi*^^*t±, a (2) {cit^E«4 

^bfc. C(D|»*<OU- y-"-lsirr^a^ : i ! iJSiJffiat::T 
iMSLfciBSftfcfcfcttS 9 0 %SRaHliE«^SD 

9 0(± 1 . 2 /imT'Sorc 0 ;l/^/Wt*» B E TftSffi 
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m, grate**, mmmmm, D9o, at>\ Fe, 

A K Si, S ©iMfffSllfcg 1 E^"To 

>*-r*isa*]!ipATpH5taBu i2i^raai$ io [0057] 
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*su mmmKzzmffliLTWtiti-zyitmco whin 

»ifcfc£0«Sppm-efc^fc„ CCD^ftf-^V^IL 

5fU*j»JSbfti:ci5, 9 0%S«fi«tefiD9 0ti2 
6. 1 /imT'fcofcc 7^7Wt^ BETJt^ffi*, £ 

Sffi&fS8p, D 9 0, Rtf, F e, A 1 , 
Si, S O^tlf^S^a 1 K^fo 





*ft«1 


xtk«2 


£»1H3 




*t«#J2 


it««3 


Jt««4 






1 


3 


1 


1 1 


2 


1 2 


1 


BET** 

b* 


mVg 


22 


6 5 


9 7 


1 9 


7 4 


44 


2 1 2 


m 


p pm 


1,000 


1,100 


2,0 00 


3 00 


3,9 00 


1,300 


<1 0 




% 


9 0 


9 1 


9 0 


1 0 0 


7 2 


9 2 




DO D 


m 


1 . 1 


1 . 9 


2. 2 


0. 8 


3. 6 


1, 2 


2 6. 1 


F e 


p p m 


<1 o 


<1 0 


<1 O 


< 1 0 


<1 0 


<1 o 


5 0 


A 1 


J» 

p p m 


<1 0 


<1 0 


< 1 0 


< 1 0 


< 1 o 


<1 o 


[ <1 0 


S i 


Jt* 

p p m 


<2 O 


<20 


<2 0 


<20 


<2 0 


<2 0 


<20 


» 

s 

i ppnrt 


<1 0 


<1 0 


< 1 0 


<1 0 


<1 0 


<1 0 


6 70 



[0 0 5 8] 

[RUB©**] #38HHfc:<fc*7> fttSOB E Tit*®** 
fctil<fct>BETJt«ffiSt (B) t/Npyy^ff* (C) 

£®pwMtim&£ (2) ©gfefNessjE* siMt^x 

U-y-0#fSftS^»JSffi1?»JS*nft:D 9 Otf 
2. 5 iim&LTOmtmy, RXfWD<DW&fiWfi 



[0059] *m\®mtf-2y&, ytfmmttm 

[H l ] 1BML?imit*2v<Dnu?y&imt B E 
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bp 
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[01] 

ttmmmt.no'fi'wat. 




50 100 
B£Ttt*aSI Cm 1 / a) B 



F*-M#*) 4C047 CA02 CB04 CC03 CD03 CD04 
CD07 CD08 

4C069 BA04A BA04B BA48A DA05 
EA01X EA01Y EC02X EC02Y 
EC03X EC03Y EC22X EC22Y 
EC23 FA01 FB40 

5H032 AA06 AS16 BB07 BB10 HH01 
HH04 HH06 



